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2 THE SOCIETY OF AUTOMOTIVE ENGINEERS 

October meeting, the only difference being that the proportion of the 
tapered length to be relieved has been reduced somewhat. The pro- 
posed dimensions are shown in Fig. 1. 
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Pig. 1 — Shapt-End for Mounting Propeller Hubs 



Direction of Engine Rotation 

4 — At the October meeting of the Standards Committee the Di- 
vision reported definitions of terms for direction of engine rotation. 
Because of lack of agreement with the National Advisory Committee, 
the Council of the Society referred the definitions back to the Division. 
The Division has accordingly prepared new definitions, making use 
of the terms "normal" and "anti-normal" in place of the terms which 
have formerly been used and have caused confusion because they have 
not been used uniformly. These new definitions are to be submitted 
to the National Advisory Board in order to secure agreement if pos- 
sible before submitting them to the Society for adoption. Respectfully 
submitted. 

AERONAUTIC ENGINE DIVISION, 
Henry Souther, Chairman, 



DISCUSSION AT STANDARDS COMMITTEE MEETING 

J. G. Vincent: — One thing that came up for considerable discus- 
sion by the members of the Division is the method of expressing 
proposed standards. For instance, the consensus of opinion is that 
we want to use what has been known as the metric spark-plug, but 
there has never been any standard so far as the length of the metric 
spark-plug is concerned. After considerable discussion we agreed on 
some of the dimensions, but of course we could not change the diam- 
eter or the pitch of the thread. We have however put a limit on the 
threads of 18 mm., which is equal to the diameter of about 11/16 in. 
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The next thing discussed was the over-all height, so we might know 
how much room we had to provide to get in the spark-plug. We have 
specified 70 mm. as the total maximum height from the thread to the 
top of the spark-plug. The average height seems to be around 60 to 
65 mm. 

We settled on 1 in. for the short diameter of the hex; this should 
be 25 millimeters. There was a discussion whether it should be 25 or 
26 mm. but as I remember, we decided on 25 mm. as being almost the 
same as an inch. Then we put on a minimum dimension for the round 
part above the gasket seat, which is 1 in. diameter and should not 
be less than 10 mm. long, on account of the necessity of it fitting into 
the counterbore; we made the hex the same length, a minimum of 10 
mm. or % in. 

The Division wants advice as to whether the things taken from the 
countries using the metric system should have the metric dimensions, 
or whether we should give the ordinary English dimensions only, or 
put both on. It is an open question. For instance, in the case of the 
present spark-plug we decided to keep our present standard diameter, 
but some one suggested that so long as we do that we might just as 
well make all the rest of the dimensions the same as ordinary every- 
day standards, and simply give the decimal equivalent in inches for 
the metric pitch. 

There was considerable discussion as to whether we could settle 
on engine support dimensions for particular sizes, it being thought 
that the 12-in. dimension was suitable for engines of 100 hp. or under, 
the 14-in. from 100 to 200 hp. and the 16-in. for 200 hp. or more. 
There seems to be no real reason for assigning them to any particular 
horsepower; the reason for selecting the three dimensions is that 
almost any engine built today can be put into one of those beds with- 
out change. 

At the October meeting of the Standards Committee the Division 
proposed for acceptance a tapered shaft-end for mounting propeller 
hubs, but this proposal was not voted upon. Since that time additional 
reports have been received from France and from New Mexico to the 
effect that the tapered and keyed fitting for propeller hubs is giving 
entire satisfaction. The Division therefore submits for adoption as 
recommended practice practically the same dimensions as were sub- 
mitted at the October meeting, the only difference being that the por- 
tion of the tapered length to be relieved has been reduced somewhat. 

The Division is not prepared yet to recommend dimensions for hub 
flanges, but the Aviation Section of the Signal Corps will submit 
drawings suggesting different sizes of hubs. 

We have investigated different mountings carefully, and if we are 
going to adopt anything at the present time this design proposed is 
the only thing we can consider, because it is the only thing suggested 
that has any experience behind it whatever. We have not found any- 



Digitized by 



GooQle 



4 THE SOCIETY OF AUTOMOTIVE ENGINEERS 

one that has a legitimate criticism of the design. This particular size 
is known to be satisfactory so far as strength is concerned for engines 
of 250 hp., and it is used in Europe, as we understand it, for engines 
of 100 hp. or less. So that at present we do not see any reason for 
recommending any more than one size. If a smaller size or still 
larger size is required we will gradually work into it. The adoption of 
the one size will get us to working along the same lines and allow us 
to build engines on which propeller hubs will be interchangeable. 

The Division has prepared new definitions for direction of engine 
rotation, making use of the terms ''normal" and "anti-normal" in place 
of the terms that had caused confusion because they have not been 
used uniformly. These new definitions are not to be reported to the 
Society at the present time, but are to be submitted to the National 
Advisory Committee for Aeronautics in order to secure agreement if 
possible before further definite action is taken. 

The definitions prepared make use of the terms "normal" and "anti- 
normal". If the propeller is turning anti-clockwise, as viewed from 
the front or power take-off end of the shaft, its rotation will be nor- 
mal; in other words, it will be just the same as looking at the rear or 
power take-off end of the crankshaft of an automobile engine. The 
power-output shaft will have the normal direction of rotation, and will 
take a right-hand propeller, in the case of the tractor and a left-hand 
propeller in the case of the pusher. In the machine having anti- 
normal rotation the engine will be running in the opposite direction, 
taking the left-hand propeller for the tractor and the right-hand for 
the pusher. 

K. W. Zimmebschied: — ^I think it is desirable that the drawings 
be dimensioned both in the metric and the inch systems, because it is 
quite conceivable that some of the workmen in airplane-engine plants 
will have metric calipers. If we have both dimensions on the drawings 
it would be easy to use such instruments ; on the other hand, many of 
them will not have such calipers, and therefore it will be advisable to 
have inch dimensions. I think it will help in the dimensioning of 
metric standards by doing so. I do not think it will cut up the draw- 
ings too much. 

F. L. Morse: — rl take it that the taper shown on the shaft-end is 
for the crankshaft of the engine itself, or for the layshaft from the 
back gear. In the gear-drive machine the engine would probably be 
running at a much higher speed. If the shaft is made to standard 
size on the outside, its weight could be decreased for a less powerful 
engine by drilling it from the back side, but this might not be true 
if the shaft-end were used directly on the crankshaft. Of course 
weight is an undesirable feature in anything connected with a flying 
machine. If a single size is decided upon, it would be necessary to ar- 
range it so it could be drilled out for lightness. Would it not be well 
then to take into consideration the size of the hole that might be used? 

J. G. Vincent: — It is the general practice to drill out shaft-ends; 
from what little I have learned that practice will vary some according 
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to the part drilled. As a matter of fact, the propeller sizes are of more 
importance on account of the actual twisting moment of the shaft. 
The chances are that with the direct-drive engine the shaft will be 
stressed just as much as with the gear-drive job, particularly if the 
former happens to be a big engine. I have seen a number of engines, 
varying from 100 to 250 hp., equipped with this taper. We have also, 
peculiarly enough, designed this end for 225 hp. ourselves and arrived 
at just about the same size, before we knew anything about this taper. 
So we feel positive that it will be satisfactory for anything up to 225 
hp. Of course it is possible to attach it directly to the crankshaft by 
drilling from the back side. 

Chairman Clayden: — It might be well for the committee to pass 
on the matter of stating metric and English dimentiions. 

K. W. Zimmerschied: — The discretion as to whether the metric 
dimensions should be given might be left with the data sheet editors, 
where it appears that the standards overlap European practice. The 
metric dimensions would not be necessary for the standards used on 
this side only. 1 move that the metric equivalent be printed with the 
inch dimensions with those standards that follow or run current with 
the European standards, in the discretion of the data sheet editors, or 
by advice of the Division from which the standard emanates. (The 
motion was seconded and carried.) 

(On motion, duly seconded, it was voted that the report of the 
Aeronautic Engine Division be approved for submission to the Society 
for adoption.) 



DISCUSSION AT SOCIETY MEETING 
PROPOSEa) shaft-end standard 

C. M. Manly: — We ought not to adopt the shaft-end standard 
without realizing that an early change may be required. We are 
now learning more about designing propellers and engine shafts than 
has ever been learned before. In the early engines, with the smaller 
horsepowers, there was no difficulty in fastening the propeller; but 
with engines of larger horsepowers the fastening commenced to give 
some trouble. We ought to get a great deal more data than we have 
now on the larger engines as to the effect of the local stresses set 
up by the keys. We cut into the shaft very brutally, especially when 
we consider the fact that it is a hollow shaft and made of high-grade 
material. 

It is a question as to whether the propeller hub can be properly 
fitted on the shaft without actually lapping each hub to the shaft 
itself. The French makers do not attempt it. They make a fairly 
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good fit and then they put a little emery with oil on the inside of 
the hub and slip it on, leaving the key out, and rub it down until 
they get a pretty fair bearing; then they clean it off, insert the 
key and put the hub on. If the fit is not good it will blister, just 
as many other forms of fastening will blister. Any one who has 
not had experience with such blistering will be surprised to see 
what a little bit of "out-of-trueness" or lack of completeness of fit 
at both ends of the key leads to in the way of blistering. For example, 
if the hub is fitted on the lower end of the taper and has about a 
quarter of a thousandth clearance at the upper end, I guarantee 
that it blisters in thirty minutes. In fact, it will be likely to blister 
to such an extent in ten minutes' running that it may be necessary 
to drill the hub off in order to remove it from the shaft. 

W. S. Howard: — While I am not an airplane engineer, I really 
question the wisdom of reducing the shaft in the center. We had 
some taper shafts similar to that fail a short time ago, owing to 
the fact that the shaft did not fit the taper hole in the hub; the 
strain on the key allowed the material to stretch, making a fracture 
at the large end of the keyway. After this, the shaft even with the 
fracture went on doing the work. We replaced it with a Krupp 
chrome-nickel shaft, and in that case a section the width of the key 
and as long opened up like a hinge, showing the fracture in detail. 
Having some material not as good as to quality, and not having time 
to get anything else, we turned some shafts; all of them fractured 
at the large end, but continued to do the work in spite of the fracture. 
We then secured some nickel steel and made new shafts, machined 
the hubs to make a good fit over the entire length, doing the work 
carefully in the tool-room, and separated our keys, putting one key 
at the large end, running back nearly two-thirds of the length. Going 
around 120 deg., we placed another key the same distance from the 
other end. Those shafts do not show any distress or any trouble 
whatever and do not blister. The pressure on one key caused a slight 
rising, so we took the shaft out of the hub and noted which key had 
the greatest pressure; we eased this off slightly with a file so that both 
keys had the same pressure and we have been able to transmit some 
175 hp. with a l^^-in. shaft at about 1000 r.p.m. 

L. M. Griffith: — The shaft-end proposed is being used largely 
in Europe, and it seems to be giving satisfaction there so far as 
we know. They are supposed to be using it on an engine of over 
200 hp. 

The matter of lapping on is another point. Every time they put 
a new hub on the shaft they do lap it on to a certain extent. The 
key evidently does not take a great proportion of the drive. The 
stress is extremely high; if we consider that the key carries the 
torque, the shearing stess is well up towards 100,000 lb. per sq. in., 
showing that the friction of the taper itself and not the key must 
transmit the torque. 
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We should establish this shaft-end as recommended practice, so 
that the engineer and designer will have something to work to. 

E. H. Ehrman: — Some further action should be taken with refer- 
ence to the translation of metric dimensions into decimal or inch 
(English) fractional dimensions, particularly with reference to the 
thread pitch. Any error in the pitch is about 1% times as serious 
as an equal error in the pitch diameter. It would be safer in metric 
threads not to state the corresponding decimal or English fractional 
equivalent pitches. 

Many of the other equivalent dimensions do not harmonize exactly 
and are intended merely to be approximations, so that the metric 
dimensions should be so annotated as to indicate that they are approx- 
imate only, and not the exact equivalents of one another. 

For instance, take the diameters of the hexagon and the cylindrical 
parts; if the former remained in the metric standard, and the latter 
were finished to the English fractional dimension, flat, narrow surfaces 
would show the entire length of the cylindrical portion, which, of 
course, is not intended. 

(On motion, duly seconded, it was voted to approve the report 
of the Aeronautic Engine Division for submission to the Members 
by letter ballot.) 



EIGHTH REPORT OF ELECTRICAL EQUIP- 
MENT DIVISION 

(As Adopted by the Society) 

Investigation has shown that practically all makers of tail-lamps 
are using glasses having a nominal diameter of 3 in. with tolerance 
of minus 1/64 in. and plus 1/32 in. These dimensions are recom- 
mended for standardization. Respectfully submitted, 

ELECTRICAL EQUIPMENT DIVISION, 
A. L. RiKER, Chairman. 



DISCUSSION AT STANDARDS COMMITTEE MEETING 

Paul F. Bauder: — The Division met yesterday and decided that 
inasmuch as there was some confusion regarding its work its name 
should be changed to Automobile Lighting Division. Before any recom- 
mendation can be made relating to head-lamp glare, it is believed that 
we should standardize the terminology with reference to various parts 
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of the head-lamp itself. We have prepared a number of definitions re- 
lating to automobile lighting. Because of the various types, no defi-' 
nitions have been settled on for side-lamps and tail-lamps. 

The Division believes that any formal preliminary report on the 
subject of the elimination of glare might obstruct its future efforts, 
especially in view of the necessity for coordination of the work of this 
Society with that of the Illuminating Engineering Society and the 
American Institute of Electrical Engineers. It is therefore felt that 
no additional recommendations as to the basis of future legislation 
should be made at this time. 

Chairman Clayden: — I suppose that the principal purpose of the 
definitions mentioned by Mr. Bauder is to facilitate standardization 
of dimensions so that everyone will know what is meant when certain 
tolerances or sizes are specified for certain things. The suggested 
change of name of the Division is a matter for the Council to settle 
and will be taken up with it in due course. 

K. W. Zimmerschied: — This work appears to be largely coordinate 
with that of the Nomenclature Division. It should be reviewed by 
that Division and also by the Illuminating Engineering Society before 
it is accepted. I therefore move that this report be accepted by the 
Standards Committee for comparison and consideration before sub- 
mission to the Society. 

(The motion was seconded and carried.) 



FIFTH REPORT OF ELECTRIC VEHICLE 
DIVISION 

(As Adopted by the Society) 

1 — Standards for dimensions of the storage battery jars used on 
electric vehicles are proposed. Two types are recommended; the 
"high-rib" jars, having a height of 13% in., and the "low-rib" jars, 
having a height of 12 7/16 in. The ribs are 2% and 1% in. high. 

2 — Both types have a width of 6% in. and walls % in. thick; the 
use of 5/32-in. walls is optional, with the addition of 1/16 in. to all 
outside dimensions. The bottom thickness in both types is % in. 
High-rib jars are listed in thirty-two lengths, ranging from 2 to 
8% in. Low-rib jars are listed in nine lengths, ranging from 2 to 8 in. 
The dimensions proposed are given in Table I. 

Standard Assemblies for Storage Batteries 
3 — The Division has laid plans for proceeding with the work of 
establishing standards for the arrangement of battery cells in trays. 
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Lwmp Bulbs 
4 — Proposals have been made looking toward the standardization 
of bulbs for electric vehicle lamps. Apparently the desired standards 

Table I — Dimensions fob Storage-Battery Jars 



Dimension* 


High-Rib Jars, 
In. 


Low-Rib Jars, 
In. 


Height over all 


13% 


12 7/16 


Width 


6H 
% 


6% 


Thickness of wall... 


% 


Height of rib above 






bottom of jar.... 


2% 


1% 


Height above rib . . . 


10% 


10 7/16 


Lengths of jars.... 


2, 2 5/16, 2%, 2 9/16, 2 13/16, 






3, 3%, 3 5/16 


2, 2% 




3%, 311/16, 313/16, 4, 4^, 






4 5/16, 4%, 4 25/32 


8H, 4% 




5, 5 5/16, 5%, 5%,6, 6%, 6%, 


5, 5% 


" 


6% 






6%, 7, 7%, 7%, 7%, 7%, 8, 


6%, 7%, 8 




8% 




•Tolerance : -f or — 


1/32 in. for all dimensions except 


thickness. 



have nearly been determined, but the Division is not yet ready to 
report them for adoption. 

Respectfully submitted, 
ELECTRIC VEHICLE DIVISION, 
I A. J. Sladb, Chairman, 



FIRST REPORT OF ENGINE AND TRANS- 
MISSION DIVISION 

(As Adopted by the Society) 

New engine testing forms have been prepared by the Division. 
There is a separate sheet containing rules and directions, one sheet 
(Fig. 1) for specifications of the engine, one (Fig. 2) to use as a log 
for recording both observed and calculated data, and one curve sheet 
(Fig. 3), with scales for recording the observed data in the form 
of curves. The four sheets are to be printed on 8% by 11-in. paper. 
A supply will be kept at the office of the Society, where the sheets 
can be obtained at a nominal price. The matter contained in the 
Rules and Directions Sheet is given in this report, as are also repro- 
ductions of the other three sheets. Respectfully submitted, 

ENGINE AND TRANSMISSION DIVISION, 
W. T. FiSHLEiGH, Chairman. 
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S. A. E. ENGINE TESTING FORMS— RULES AND 
DIRECTIONS— A 

S. A. E. Engine Testing Forms for recording engine tests consist of four 
sheets, as follows: (1) Rules and Directions, (2) Specification Sheet, (3) Log 
Sheet, (4) Curve Sheet. They can be secured at a nominal charge from the 
office of the Society of Automobile Engineers, in New York. 

RULES AND DIRECTIONS FOR USB OF FORMS 

Specification Sheet 

(See corresponding numbers on sheet) 

(2) Piston displacement, see tables, S. A. E. Handbook, VoL I, sheets 
42-42i. 

(3) The compression volume is the volume occupied by the charge when 
the piston is at the top of the compression stroke. To measure this volume, 
with the piston on dead center at end of compression stroke (with both 
valves closed) fill the compression space from a graduate containing a known 
volume of light oil or kerosene. Care must be taken to correct for leakage. 
Total volume of cylinder = piston displacement -f compression volume. Give 
compression pressure at 100 to 120 r.p.m., or at speed of standard starter. 

(4) State number of cylinders cast integral, whether ofCset, type of cyl- 
inder head, whether water space is provided between adjacent cylinders. 

(6) State whether water or air-cooled. If the former, state whether 
pump or thermosyphon. Note if two pumps or thermostat are used. State 
type of pump. 

(7) Weight of piston with rings and pin should include weight of bush- 
ings, screws, or other piston-pin fastening devices in the piston. Record all 
weights in pounds and decimal parts thereof. In measuring length of piston 
and distance from center of pin to top of piston, deduct any chamfer or crown 
at top of piston. 

(8) Specify whether rings are concentric or eccentric; give name, sketch 
or description of special types. If oil-ring is used, state location. 

(9) In giving weight of connecting-rod, include weight of all bushings, 
bolts, screws, and oiling devices normally attached to the rod. For piston-pin 
see (7). The connecting-rod must be horizontal while the ends are being 
weighed, the ends being supported by • knife-edges or arbors. For V-type 
engines, state lower end construction. 

(10) Under location, state whether in connecting-rod or piston. 

(12) Diameters and lengths of bearings are to be stated in order from 
front to rear. 

(14) Describe contour of cam, such as, uniform acceleration, tangential. 

(15 and 16) In case of non-poppet valves describe and give dimensions. 

(17) Reciprocating parts of directly operated poppet valves include valve, 
valve-lifter, valve-spring retainer and lock, and half of valve-spring. 

(19) To determine valve-timing, mark top and bottom dead centers on 
flywheel rim ; also points at which each valve opens and closes, engine cold 
and tappets set for standard clearance. Measure with flexible steel tape the 
length of arcs thus marked on flywheel. Reduce to degrees. Check both top 
and bottom dead centers for engines with offset cylinders. 

(20) Moment of inertia of the flywheel is to be given in mass 
(weight in pounds -r- 32.2) and foot units. Moment of inertia is equal to the 
mass multiplied by the square of the radius of gyration. T = M R*. 

(21) The complete weight of engine should include oil, water, and all 
mechanically attached units necessary for normal functioning of engine, such 
as carbureter and its attachments, magneto, ignition distributor, generator, 
starting motor, fan and governor. Do not include such accessories as horn, 
tire-pump and vacuum tank. List weight of each Item separately. 

(24) State if heated by water or exhaust, and whether part or all of the 
air entering carbureter is heated. 

(25) Under "general principles of operation" give description; as: "Ven- 
turi type with single adjustable nozzle and single auxiliary air-valve with 
one spring;" "straight-tube type, four non-adjustable nozzles coming Into 
operation successively as air-flow increases." 

(26) By description and sketch, give general form, approximate Inside 
diameters of different portions, and specify which, if any, parts are jacketed. 

(27) In case of two systems, state which was used in test. 

(29) State if spark is flxed, or if spark control is automatic or manual. 
Maximum spark advance and retard are to be given in degrees of crankshaft 
rotation. 

(30) Give material of insulation, number of sparking points on electrodes. 

(31) In addition to exact location in combustion chamber, state whether 
vertical, horizontal or inclined, and whether plug extends into combustion 
chamber. 

(32) Give the general type of lubrication system, as: "recirculating 
splash ;" "force-feed and spray ;" "complete force-feed." Then describe in 
detail action of system and course taken by oil. State oil pressures and type 
Of pump used. State name and grade of oil used. 
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FiG. I — Reproduction of Specification Sheet of Testing Forms 



Log Sheet and Curve Sheet 
The Log Sheet and Curve Sheet have been designed for conveniently re- 
cording data and plotting curves covering the usual Standard Engine Tests. 
For special tests, these may be modified or special forms used. 
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QENBRAL RULES AND DIRECTIONS 

A complete Standard Engine Test includes the determination at different 
speeds of: (1) Max. hp. ; (2) Fuel economy at max., at %, at % and at M 
max. hp. at each of .the speeds; (8) Friction-hp. From these determinations, 
the following curves are plotted on the Curve Sheet : 

(1) Torque — r.p.m. 

(2) Max. hp. — r.p.m. 
(8) Brake m.e.p. — r.p.m. 
(4 1 Frlctlon-hp. — r.p.m. 

(5) Mechanical eff. — ^r.p.m. 

(6) Fuel per b.hp. per hour, max. hp. at each speed. 

(7) Fuel per b.hp. per hour, % max. hp. at each speed. 

(8) Fuel per b.hp. per hour ^ max. hp. at each speed. 

(9) Fuel per b.hp. per hour, % max. hp. at each speed. 

(10) Thermal efc., max. hp. at each speed. 

(11) Thermal eff., % max. hp. at each speed. 

(12) Thermal efC., }$ max. hp. at each speed. 
(18) Thermal efC., ^ max. hp. at each speed. 

Ehnphasis is laid upon the value of the determination, in addition to the 
usual runs at max. hp. at each speed, of fuel consumption and thermal effi- 
ciency at each speed with the ensrine developing %, ^ and % of its max. hp. 
at thfU speed. Automobile engines operate a large proportion of the time on 
part loaa, and in the study of the operating characteri&Cics of engines, these 
curves are of great importance. During the max. hp. run at any speed, the 
max. torque (or load) is determined. For runs Sit %, % and }4 max. hp. 



at the same speed it is only necessary to set the torque (or load) at %, ^ 
and )4 the maximum for this speed and make proi>er throttle setting f«r such 
load. 

DurinfiT the complete test, control of engine shall be by means of throttle 
and spark only. Engine adjustments shall be made for best horsepower 
output (that is, carbureter setting, spark plug gaps, etc.), and in no case are 
such adjustments to be changed during the complete test. 

Test runs should not be made until the engine has been run-in sufficiently 
to show no appreciable difference in friction before and after a run of 30 min. 
at the speed of maximum torque with the throttle wide-open. 

Where test is to be made of a stock engine, all parts, accessories, lubri- 
cants, etc., must be stock. In every case, cUl regular equipment must be on 
the engine and operating (for example, fan, generator, etc.). 

Before beginning any run, the engine should be brought to a condition of 
sustained operation under the conditions of the run and it is imperative that 
in every case r.p.m., brake loads, rate of fuel consumption, cooling- water 
temperatures, oil temi>erature, air draft, etc., remain substantially constant, 
steady and sustained throughout the run. Flash readings and tests are un- 
scientific and misleading. 

Number of Runs 

In every test, enough runs should be taken throughout the speed range so 
that the points therefor when plotted will indicate clearly the shape and 
characteristics of the curves. For horsepower and fuel economy tests, it is 
recommended that runs be made at intervals of approximately 200 r.p.m. A 
run should be made at the lowest steady operating speed of the engine. All 
points from which curves are plotted are to be clearly shown on the Curve 
Sheet. 

DurcUion of Runs 

The duration of Brake-horsepower tests shall not be less than 8 min. 
Where Fuel Consumption is measured, the duration of tests shall not be less 
than 5 min. The duration of Friction-horsepower tests shall not be less than 
1 min. The above stated times are minima. In most instances it is desirable 
to make the runs of longer duration, and it is imperative that in every case 
r.p.m., brake loads, rate of fuel consumption, cooling-water temperatures, oil 
temperature, air draft, etc., remain substantially constant and steady through- 
out the run. 

Balancing Dynamometer 

Before any readings of Brake Load are recorded, great care should be 
exercised to see that the dynamometer itself is properly balanced. For tne 
electric-cradle type of dynamometer this balancing is accomplished as follown : 

The dynamometer is run idle as a motor (drawing current from the line) 
and a suitable counterbalance on the field frame — which should be perfectly 
free to turn within limits in ball bearing trunnions — is then adjusted so that 
the platform scales read zero. This reading should be obtained with the 
dynamometer rotating first in one direction and then in the other. The re- 
action of the armature on the field frame will exactly balance the friction of 
the brushes and armature bearings carried in the field frame. With the 
armature still rotating, check-weights (or pieces of metal having a known 
weight) should be hung from the knife-edge on the dynamometer arm. If the 
reading recorded by the platform scales is equal to the known weight applied, 
the dynamometer can be considered as balanced. 
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Pia. 2 — Reproduction of Loo Sheet op Testing Forms 

Brake Loada 

Readings for Brake Loads should be taken with accurately calibrated 
platform or beam scales. The connection of the dynamometer arm to these 
scales by means of knife-edges* calibrated spring balance and tripod or suit- 
able linkage is recommended. Suitable counterbalances or tare loads must 
be accurately provided. The spring balance gives a quick approximate read- 
ing for Brake Load; it serves to cushion the platform or beam scales from 
shock and vibration. During any run, the platform or beam scales are kept 
balanced, and the loads registered thereby must be substantially constant and 
steady throughout the run. 

Revolutions Per Minute 

Speed in revolutions per minute should be invariably taken from positively 
driven counters which engage at the beginning of the run and disengage at 
the end. The difference between the two readings, divided by the duration of 



Digitized by 



GooQle 



14 THE SOCIETY OF AUTOMOTIV& ENGINEERS 

lun in minutes, then gives the true average speed. Tachometers, even though 
carefully calibrated, are not sufficiently reliable for r.p.m. readings. In con- 
nection with the speed counters mentioned, however, the tachometer may be 
used as an approximate check on average speed, also as an indicator of varia- 
tions in speed before or during the run. 

It is recommended that the maximum allowable variation in speed during 
a run shall be 50 r.p.m. 



• SJLI. KNQINB TBSmiQ rORMS-: CUIIVB SNKET-O 

NAMC AND WOeCL mmmtmi 



Fig. 3 — Reproduction of Curve Sheet op Testing Forms 
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Fv^l Consumption 

The method recommended for measuring fuel consumption is by noting the 
decrease in weight of a tank from which fuel is being fed to the carbuieter. 
The tank should be placed on sensitive platform scales at a proper level above 
the carbureter, and connected to the fuel-supply pipe by a short horizontal 
length of rubber tubing. This tubing should be very flexible and should not 
be drawn taut, to avoid interference with the weighing. Weighings should be 
made as follows : 

Set counterpoise so that scale-beam will fall just as run is started. Note 
the setting and the time at which the scale-beam falls. Move the countei- 
poise back to the next pound mark, or to such a point that it will fall juit 
before the end of the run, and note carefully the time when beam again falls. 
From the difference between the two times and the two weights recorded, the 
fuel consumption per hour can be readily determined. 

The counterpoises may be successively set back for small quantities (say 
% or % lb.) and the times noted during the progress of the run. This gives 
an indication of the steadiness of fuel consumption throughout the run, and in 
no wise interferes with the major measurements outlined in the previous 
paragraph. 

Temperatures 

All temperatures are to be given in degrees Fahrenheit. 

A reliable glass straight-stem thermometer should be placed near the car- 
bureter air-inlet in order to measure the temperature of the entering air. This 
thermometer should be read at least three times during each run one of these 
times to be at beginning and one at end of run. 

Thermometers should be placed also in suitable wells or sockets, one near 
the inlet of the pump and another as close as possible to the water-outlet of 
the engine. These wells or sockets should be in pipes that run full, so that 
water continually circulates about them. They should be filled with oil or 
mercury, and careful readings taken at least three times during each run, one 
of these times to be at beginning and one at end of run. 

In order to afford a fixed basis of comparison, it is recommended that the 
outlet water temperature for engines be kept at 175° Fahr. ( -f- or — 5**). 
Control of the outlet temperature can be accomplished by thermostat located 
in the outlet line or by external control of quantity or temperature of inlet 
water. Where thermostat or other cooling water regulating devices are stand- 
ard upon an engine, these may be attached and operating during a test. 

In every case, inlet and outlet cooling-water temperatures should remain 
substantially constant and steady throughout a run. It is recommended that 
the maximum allowable variation in cooling water temperature shall be 10 
deg. F. 

During friction-horsepower runs it is desired to obtain the mean temper- 
ature of the jacket water. If the water is pump-circulated, the average of 
the inlet and outlet temperatures may be taken. If thermosyphon circulation 
is used, the water will not circulate noticeably during a friction-horsepower 
run. The mean jacket-water temperature for such engines can be taken by 
inserting thermometers into the jacket space, the average of readings being 
taken. In every case of friction-horsepower test, the test must be made 
immediately after the corresponding brake-horsepower test, before the engine 
has cooled. 

An air draft should be provided which approximates in amount and effect 
the air draft on the road with the car moving at a speed corresponding to the 
given engine speed. During friction-horsepower tests, of course, this air draft 
IS shut off. in order not to cool the engine. 

For air-cooled engines, the air draft is of the greatest importance. 

Friction-Horsepower 
The approximate friction-horsepower of an engine can be measured best by 
means of an electric dynamometer, preferably of the cradle type. The dyna- 
mometer is used to drive the engine under test at various speeds, and the 
torque reaction is measured. This will be in the opposite direction to that 
obtaining while the engine is driving the dynamometer, so that provision must 
be made for measuring the torque on- both sides of the dynamometer, or else 
suitable linkage must be provided to change the direction of the pull. The 
test for friction-horsepower should be made immediately after the brake- 
horsepower test, before the engine has cooled, in order to keep the condition 
of the lubricating oil and the friction of the parts the same as during th? 
brake-horsepower test, as nearly as possible. During this test the throttle of 
the engine should remain in the same position as for the corresponding brake- 
horsepower teic. Compression-relief cocks should remain closed and all 
accessories, such as magneto, generator, pumps, etc., used during the brake- 
horsepower test, should be in operation. See notes on friction-horsepower runs 
under the various headings. 

Indicated-Horsepower 
Approximate indicated-horsepower is obtained by adding to the brake- 
horsepower at any given speed the friction-horsepower obtained at the same 
speed. 
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If the friction-horsepower and brake-horsepower tests are not made at 
exactly the same speeds, the friction-horsepower at any given speed can be 
obtained from the friction-horsepower curve plotted on the Cfurve Sheet. 
Tedious interpolation is thus avoided. 



DISCUSSION AT STANDARDS COMMITTEE MEETING 

Prop. W. T. Fishleigh: — The engine testing forms have been 
finally revised. A number of detail changes have been approved 
by the Division. The final set of forms, which were approved by the 
Committee at the Washington meeting, will be presented to the Society 
to-morrow. 

The matter of hand starting-cranks has been considered at length 
in the Division. At first it was thought that we might recommend 
complete standard dimensions, but on reconsideration we have tenta- 
tively decided upon about half a dozen dimensions. Drawings have 
already been made and will be submitted to starting-crank and auto- 
mobile manufacturers in the near future. 

Tabub I — ^Proposkd Valvb Dimbnsions 



Nominal 
Valve Diameter 


Stem Diameter 


Nominal 
Valve Diameter 


Stem Diameter 


1 


0.3090 
0.3100 


2 


0.4340 
0.4850 


1% 


0.3090 
0.3100 


2% 


0.4340 
0.4850 


1% 


0.3090 
0.3100 


2% 


0.4840 
0.4850 


1% 


0.3715 
0.3725 


2% 


0.4965 
0.4976 


1% 


0.3715 
0.3725 


2% 


0.4966 
0.4976 


1% 


0.3715 
0.3726 


2% 


0.4966 
0.4975 


1% ' 


0.3715 
0.3725 


2% 


0.4966 
0.4975 


1% 


0.4340 
0.4350 


8 


0.4965 
0.4976 



We have considered engine-support arms and find many difficulties 
in the matter of standardization. Drawings will be submitted in 
order to get general opinions from the industry. 

We hoped to make definite recommendations regarding poppet-valve 
dimensions at this meeting. Some interesting discussion developed 
in our Division meeting yesterday, so that I want to make only a 
progress report. 
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We started to consider the standardization of a dozen or more 
dimensions, but after circularizing the industry, concluded that either 
the standardization of all dimensions was not desirable or else we 
are not ready for this at present. We have come to a general con- 
viction in the Division that it is advisable to standardize the dimen- 
sions given in Table I. 

These include a dimension for the nominal diameter of the head 
of the valve, taken as the small diameter of the conical seat; a 
corresponding dimension for the stem, leaving the length indefinite 
to suit the particular case; a draft angle of 7 deg. on the head, which 
seems to be universally satisfactory; a 45-deg. seat, which has been 
generally approved; also a slot in the head of the valve without 
specifying the detail dimensions. 

The intention of the Division is to place manufacturing limits 
upon the stem dimensions; these are agreed upon from the standpoint 
of proper clearance in the reamed hole, which would, of course, come 
in the valve-stem guide. 



TENTH REPORT OF THE IRON AND 
STEEL DIVISION 

(As Adopted by the Society) 

The Division recommends the elimination of the specification* for 
malleable cast iron from the list of S. A. E. standards. Respect- 
fully submitted, 

IRON AND STEEL DIVISION, 
E. W. ZiMMERSCHiED, Chairman. 



NINTH REPORT OF THE MISCELLANEOUS 

DIVISION 

{As Adopted by the Society) 

The Division recommends the adoption of No. 8 — 32 (0.164 dia.) 
A. S. M. E. standard thread for spark-plug terminals. 
Respectfully submitted, 

MISCELLANEOUS DIVISION, 
John G. Utz, Chairman. 



•See S. A. E. Transacjtions, Part II, 1915, p. ai. 
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SIXTH REPORT OF THE SPRINGS DIVISION 

{As Adopted by the Society) 

1 — This report contains recommendations relating to rebound clips 
with spacers and bolts, purchase of cantilever springs and leaf points. 

Rebound Clips With Spacers and Bolts 

2 — Tentative specifications of data on rebound clips furnished 
by spring manufacturers and tabulated by the Division were sub- 
mitted to fifteen spring manufacturers, forty-one pleasure car manu- 
facturers and eleven truck manufacturers. Replies and comments 

Table I — Dimensions for Rebound Clips, Spacers and Bolts 



Dimensions 
(See Fig. 1) 



A 

B 

C 

D 

E 

F 

G 

H 

I (dia. rivet) 

J (omit with in- 
verted clips) .. . 
K 



L 

M 

N 

O 

P 

Q 

R 

S (B. W. G.) . 



For Pleasure- 
Car S p r i n gs 
(Except Canti- 
levers or when 
wider than 2% 
in.) 



t 
3/16 

% 



7/16 

11/32 

5/16 



For Commercial-Car Springs 
(Also Cantilevers on Pleas- 
ure Cars) 



2y4,2%, 

3 in. wide 



t 

V4 

3/16 

1 

% 

% 

13/32 

% 



3% in. 
wide & over 



11/32 


13/32 


5/16 


% 


5/16—18 U.S. 


%— 16 U.S. 


7/32 


7/32 


% 


9/16 


7/32 


7/32 


^ 


9/16 


♦♦ 


** 


7/16 


Vz 


Not less than 20 


18 to 20 (0.049 


(0.035 in.) 


to 0.035 in.) 



t 

3/16 

1^ 

% 

% 

13/32 

% 

13/32 

% 

7/16—14 U.S. 

25/64 

25/32 

7/16 

25/32 

% 
15to 17 (0.072 
to 0.058 in.) 



•To be 1/32 to 1/16 in. greater than nominal width of spring:. 

fTo be made to suit spring. 

••To be 1/32 in. greater than nominal width of spring. 

were received from five spring makers, eighteen pleasure car makers 
and four truck makers. Some changes in the dimensions of the 
largest clip bolt were suggested by the truck and spring manufac- 
turers. The dimensions (Table I and Fig. 1) meet with approval 
of twenty manufacturers and the substantial approval of five other 
manufacturers and are submitted for acceptance. 
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Purchase Specifications for Cantilever Springs 
3 — The Division recommends that sketches (Figs. 2 and 3) show- 
ing the dimensions for cantilever springs be added to the S. A. E. 
specifications for the purchase of leaf springs. 




Pia. 1 — Rebound Clip with Spacers and Bolts 

Leaf Points — ** Trimmed End" 

4 — The Division recommends adding to the list* of spring leaf 
points the type known as the "trimmed end," in which the end of the 
leaf is not reduced in the section by forging but by trimming at 
the sides, making a pointed leaf end of the same thickness as the 
rest of the leaf. 




Fig. 2 — Showing Dimensions to Be Specified for Cantilever Springs 



•See S. A. B. Transactions. Part I, 1913, p. 73, or S. A. E. Handbook. 
Vol. I, sh. 49b. 
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5— The unfinished work of the Division consists of the following 
items: Spring shackle bolt, threaded ends and nuts; spring clips: 
length of spring seat and clip spacing; and finish of spring leaves. 




Pig. 3 — Showing Dimensions to Be SPBCinsD fob Cantilbveb Springs 

6 — This report has been submitted for consideration to four mem- 
bers of the Springs Division, which consists of six members, of whom 
four have voted aflirmatively and two have refrained from voting. 
Respectfully submitted, 

SPRINGS DIVISION, 
C. W. McKiNLEY, Chairman, 



FIRST REPORT OF THE TIRE AND RIM 
DIVISION 

{As Adopted by the Society) 

1 — At this time the Division makes a specific recommendation 
relating only to solid-tire widths. The subjects of carrying capacities 
and infiation pressures of pneumatic tires, types of rims for pneu- 
matic tires and solid-tire channel-contours are under consideration. 

Solid-Tire Widths 
2 — It is recommended by the Division that the standard width 
of solid tires be defined as the ''nominal" width in inches as measured 
inside the channel (see Fig. 1) at the mean of the vertical seat of 
the rubber, the tolerances being plus or minus 1/16 in. 

Carrying Capacities and Inflation Pressures of Pneumatic Tires 
3 — The Division has this important subject under active considera- 
tion and hopes to make a final report embodying a table of standard 
or recommended practices at the next Standards Committee meeting. 

Types of Rims for Standard Pneumatic Tires 
4 — This subject is also under active consideration. The Division is 
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cooperating with the Clincher Automobile Tire Manufacturers' As- 
sociation and will probably submit a report at the next meeting. 




PN 




Pia. 1 — Showing Points at Which Nominal Width Is Mbasureo 



Solid-Tire Channel-CanUmra 

5— Preliminary discussion has been held on the advisability of 
evolving a standard channel section for pressed-on and demountable 
solid tires. The develojmient of this standard will probably take 
considerable time, but it is believed that the possible advantages to 
be gained are considerable; the Division hopes to make material 
progress on the question soon. Respectfully submitted, 

TIRE AND RIM DIVISION, 
K. W. ZiMMERSCHna), Chairman. 



DISCUSSION AT STANDARDS COMMITTEE MEETING 

K. W. Zimmerschied: — The Division had a session yesterday an.^ 
adopted a report, recommending carrying capacities for solid tires 
and a definition of their nominal width. 

A. L. Riker: — How do the proposed carrying capacities compare 
with the present accepted practice? 

K. W. Zimmerschied: — The proposed carrying capacities are less 
than many of those used in accepted practice; that is, they are on the 
conservative side, although they are in some cases -over the rated 
capacity that the tire makers list. 

J. E. Hale: — I would like to caution the Standards Committee, 
as I believe that the carrying capacities for the 5, 6 and 7-in. tires 
of the 40-in. diameter are too high. 

M. C. Horine: — I believe that mention should be made of the 
wider sizes of solid tires that are now on the market and are being 
developed by several companies — 8, 10, 12 and 14 in. Now is the time 
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to standardize those carrying capacities, before manufacturers get 
them out generally. 

C. B. Whittelsey: — The tire men have been about five years at 
work on these capacities and have discussed this thing pro and con 
in order to prepare a table of carrying capacities of tires that is 
as nearly correct as possible, at the same time not putting any more 
hardships on the manufacturers of motor trucks than we could pos- 
sibly help. We realize that there will be legislation relating to carry- 
ing capacities of solid tires, and we are trying to establish an abso- 
lutely correct list. 

K. W. ZiMMERSCHiED : — The question has not been so much what 
is present practice as what is decent treatment to give a tire; higher 
loads than these would be a great injustice to the tires, and in some 
cases to the tire people, the users and the truck manufacturers. 

C. B. Whittlesey: — It is impossible at this time to establish a 
standard for wide solid tires; there are not enough of the very wide 
tires and we have not had enough experience with them to include 
their capacities. 

C. C. Carlton: — I call attention to the increased values in the 
recommended table as compared with those now suggested by one 
tire maker. For 3 in. the tables are the same; for 3% in. they show 
an increase of 30 lb. per wheel; 4 in., an increase of 100 lb.; 6 in., 
an increase of 500 lb.; 6 in., an increase of 800 lb.; 7 in., an increase 
of 1,200 lb. per wheel, from a former 3,000 to 4,200 lb. now. These 
are for the 36 in. and smaller sizes. On the larger sizes it will be 
from 2,200 to 2,600 lb. on the 5 in. ; from 2,750 to 3,500 on the 6 in., 
and from 3,500 to 4,500 lb. on the 7-in. tires. 

The tire companies at least have done everything in their power 
to increase the capacities as much as they feel is within the bounds 
of safety and justice to the tire 



DISCUSSION AT SOCIETY MEETING 

John Younger: — I believe that the report should not be adopted. 
Many of the recommended carrying capacities are wrong. The truck 
manufacturers are distinctly interested in this and we ought to have 
time to consider it. I will only make special reference to one size, 
and that is the 6-in., for which carrying capacities of 3,300 lb. on a 
36-in. tire and 3,500 lb. on a 40-in. tire are proposed. That 3,500 
lb. works out as 14,000 lb. gross for dual tires. For the last six 
years we have been carrying 16,000 lb. on our trucks with dual 
tires very satisfactorily. The Goodrich company has claimed that 
mileages of 24,000 have been obtained with its 6-in. dual tires, with 
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16,000-lb. gross load. The guaranteed mileage is 7,000 miles. Tires 
are getting better, roads are getting better and the drivers are getting 
better, and for this reason I would ask that this matter be further 
considered. 

Much consideration is being given to this question. I re- 
cently attended a meeting of the New Jersey State Highway Com- 
missioners; they have proposed legislation that would prevent any 
truck having a carrying capacity greater than specified in this 
report from running on their highways; the result would be great 
injustice to manufacturers and owners. S. A. E. standard carrying 
capacities will undoubtedly be taken up by State Highway officials, 
and for this reason alone we should consider this table very carefully 
in all its aspects. 

J. E. Hale: — There is just so much mileage built in tires and 
that mileage is affected by the load that the tires carry; the more 
load they carry the less service will they give. There is no sharp 
line at which a tire is overloaded. In reality the overloading point 
is determined by the satisfaction that users receive and what they 
consider satisfaction. It has been pointed out by Mr. Younger that 
certain tires are reported as being satisfactory. Maybe they are as 
far as he knows. But for commercial reasons the reputable tire 
companies are most careful to see that the complaints do not get 
back to the truck manufacturers. 

The more adequate tire equipment put on a truck the less the tire 
cost per mile to the consumer. ' If we choose carrying capacities that 
are conservative and safe and sane, we are doing the public and the 
truck business the greatest favor that can be done. This Society 
can adopt the figures if it wants to, but it cannot make the tires give 
more service. 

B. B. Bachman: — Is the Society asked to standardize a set of 
figures based on mature deliberation and tests and therefore figures 
that are established on a scientific basis, or are these figures simply 
the result of compromise between representatives of the tire manu- 
facturers and based upon information that they may have in their 
own hands but that has not been made public? Have the data upon 
which these figures have been based been put in the possession of 
the Division that has established these figures and in the hands of 
the Standards Committee when the report was submitted to it? 

There has been an agitation in the Society for some years for 
the establishment of load-carrying capacities. The stumbling block 
to such action in the past has been the plea on the part of almost 
every one who has had anything to do with the thing, that there 
was no scientific basis on which figures could be based. There has 
been a wide difference of opinion among all of those interested as 
to just what the basis should be. 

Some three years ago, I believe, Mr. Hale indicated an outline 
of proposed tests in a paper '*' he presented at the 1914 Semi- Annual 

^otor Truck Tires, J. R Hale. S.A.B. Transactions. Part II. 1914. p. 107. 
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Meeting. Since that time, I believe, some tests have been made, but 
I do not know that the results have ever been published or that ade- 
quate data have been available upon which to base this table. 

E. W. Zimmerschied: — I will state to Mr. Bachman that the 
Goodrich company submitted a complete set of data in connection 
with its remarks on what these capacities should be. The figures 
for the 40-in.-and-over sizes represent the maximum values that would 
be considered good mileage from the tires used in the Goodrich tests. 

The Goodyear company also submitted blueprints showing curves 
of tire life based on elaborate tests. We have asked for a set of 
those prints to include in the record; they were presented and they 
were taken into consideration. Those curves were studied with the 
idea of allowing, if possible, higher loads so that the mileage would, 
perhaps, not be reduced too much. We want to arrive at a reasonable 
mileage with a reasonable load. 

We were asked specifically by the Truck Standards Division to 
prepare a table of carrying capacities, because of threatened legis- 
lation. We understand that certain legislatures are waiting for 
such a table before they establish commercial vehicle taxation 
schedules. 

G. A. Green: — I believe some figures obtained in the operation 
of the Fifth Avenue Coach Company's equipment bear on the 
subject. Our new "A" type buses, which are equipped with 4-in. dual 
rear tires, under conditions of maximum load carry 2965 lb. per tire 
or 74 per cent in excess of the 1700 lb., as shown by the proposed 
table. This new equipment has covered more than half a million 
miles, and from results obtained so far we have every reason to be- 
lieve that we are working in the right direction. I confidently an- 
ticipate that when we are operating only standard "A" type buses 
our tire cost will be less than 1 cent per bus-mile. This low cost is 
obtainable largely because our unsprung weight has been reduced to 
the minimum. 

The fitting of larger tires means an immediate increase in un- 
sprung weight. Every time such weight is added tire mileage is 
reduced. There is a distinct dividing line between the tire that is 
too large and the tire that is too small. I think we have found the 
happy medium, and as far as I am concerned — ^while I, of course, 
do not speak officially — we would be willing to forego the tire com- 
panies' guarantee rather than increase the size of the tires. The 
additional weight of oversize solid tires, their steel bands, etc.,- is 
not the only factor one must take into account. The use of larger 
tires means larger wheels and, in fact, a general strengthening up 
becomes necessary. It may be said that no comparison can be made 
between the operation of the Fifth- Avenue Coach Company's buses 
and that of trucks; while this may or may not be the case, I believe 
that the table should receive further study. 

A. L. Riker:— Inasmuch as these carrying capacities were pre- 
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pared for the Truck Standards Division, I suggest that the matter 
be referred to that Division before any action is taken on it by 
the Society at large. 

(On motion, duly seconded, it was voted to refer the matter of 
carrying capacities of solid tires to the Truck Standards Division; 
and to approve the remainder of the report of the Tire and Rim 
Division for submission to the Members by letter ballot.) 



FIRST REPORT OF TRUCK STANDARDS 
DIVISION 

{Aa Adapted by the Society) 

1 — The Division recommends standards for the following control 
elements of motor trucks: Gearshift and hand-brake levers, gear- 
shift lever-handle positions, clutch and brake pedals^ accelerator pedal, 
spark and throttle hand-levers. 

Gearshift and Hand-Brake Levers 
2 — Gearshift and hand-brake levers shall be placed at the driver's 
right, with the hand-brake lever to the right of the gearshift lever. 
The hand-brake lever is to be pulled back for brake application. The 
gearshift lever is to be fitted with a latch guarding the reverse posi- 
tion, or the equivalent of a latch, when used with either a three or 
a four-speed transmission. 

Gearshift Lever-Handle Positions 

3 — For three-speed transmissions the positions of the gearshift 
lever-handle shall be the same'*' as standardized for pleasure cars. 
Four-si>eed transmissions are to have the forward speeds so arranged 
that the gearshift handle in high si>eed is in the same position as 
with the three-speed transmission, low speed occupying the place of 
reverse, as shown in Fig. 1. The location of the reverse position 
is to be left optional. With either three-speed or four-speed trans- 
missions, the various speeds shall be clearly indicated, either on the 
gate or at the base of the gearshift lever. 

Clutch and Brake Pedals 

4 — The clutch pedal shall be located to the left of and the foot- 
brake pedal to the right of the fore-and-aft center line of the steering 
column. 

Accelerator Pedal 
5— The accelerator pedal shall be placed to the right of the brake 
pedal. 

Spark and Throttle Hand-Levers 
6 — Spark and throttle hand-levers, if used, should be located to 



*See S. A. E. Transactions, Part II, 1916, p. 23, and S. A. B. Handbook. 
Vol. I, sh. 46. 
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the right of the fore-and-aft center of the steering column. The 
spark lever should be the shorter of the two and both levers carried 




FiG 1 — Gears HUT Positions for Four-Spbbd Truck Transmissions 

on stationary sectors. Both levers should be arranged so that they 
are pushed forward to advance the spark and to open the throttle. 
Respectfully submitted, 

TRUCK STANDARDS DIVISION, 
H. D. Church, Chairman. 

DISCUSSION AT STANDARDS COMMITTEE MEETING 
A. L. Riker: — About six or eight months ago the United States 
Government sent out specifications for a military truck. These speci- 
fications were referred to a special committee of this Society ap- 
pointed to confer with the Government officials. The committee 
was finally made permanent and is known as the Truck Standards 
Division at present. The Division has held several meetings 
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and has gone over the specifications both with the representatives 
of the Government and alone. At present, the Government is revising 
the specifications and asking the Division to assist wherever possible. 

Early in January a meeting was held in Washington which was 
attended by members of the Truck Standards Division and by army 
officers who are handling transportation matters. At that time various 
questions regarding specifications were discussed and members of 
the Division made suggestions for further revision. It is understood 
that the specifications are being revised in accordance with our sug- 
gestions and that they will be submitted to the Truck Standards 
Division for further consideration.. 

Chairman Clayden: — I believe that so far as the quality and 
character of the military specifications are concerned, the work done 
by the Truck Standards Division and by the Society generally will 
be of great assistance both to the Government and to the Society. 
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BUSINESS AND PROFESSIONAL 
SESSIONS OF SOCIETY MEETING 

PRESIDENTIAL ADDRESS OF 
RUSSELL HUFF 

The most eventful year in the Society's history is being concladed. 
Unexpected expansion in the automobile industry has been followed 
by a remarkable increase in the membership and activities of the 
Society. The purpose for which the Society was organized was **to 
promote the Arts and Sciences and Standards and Engineering Prac- 
tices connected with the design and construction of automobiles, all 
forms of self-propelled or mechanically-propelled mediums for the 
transportation of passengers or freight, and internal-combustion 
prime movers." Prominent engineers in the tractor, airplane, motor 
ship and stationary gas engine industries have been suggesting for a 
number of years some form of affiliation, whereby their respective 
industries could be represented in the Society and on its Standards 
Committee and could benefit by belonging to a strong organization, 
carrying on its work with efficiency and dispatch. 

All these industries depend on the internal-combustion engine for 
motive power. They have grown in magnitude with startling rapidity 
in the last year. The need for proper standards in each respective 
field is all important now as they emerge from the experimental or 
developmental period to one of great commercial activity. One of the 
fundamental reasons for the continued and rapid growth of the auto- 
mobile industry is the pioneer work done by the Society in the past 
years. 

The Society of Automobile Engineers is the logical institution to 
father the all-important standards work and promote every phase of 
the arts and sciences in these rapidly growing industries. Modem 
transportation methods are revolutionizing business and war. The 
horse has had its day, the railroad its inning and now the automobile 
and motor truck are necessities in our every-day life. The airplane, 
the tractor and the motor ship are exhibiting new possibilities in 
transportation that bid fair to bring about even more startling changes 
than have the automobile and motor truck. 

Of the many suggestions offered during the past year in further- 
ance of the movement, probably the most notable one is that of sub- 
stituting the word "Automotive" for "Automobile" in the name of 
our present Society. This proposal, when put to the members at the 
1916 Semi-Annual Meeting, was heartily indorsed. The new and 

28 



Digitized by 



GooQle 



PRESIDENTIAL ADDRESS 29 

broader title, including as it does a word applicable to any transporta- 
tion conveyance, is a most fitting name for the greater organization 
that is sure to follow the merging of the allied societies. 

The Council has passed a resolution permitting members in good 
standing in the other societies to come into the proposed "Society of 
Automotive Engineers" without the payment of the usual initiation 
fee, provided the application is filed with us within three months from 
a date to be fixed by the President after the respective societies have 
voted to make the change. 

The amalgamation with the American Society of Aeronautic Engi- 
neers is well under way. A large number of the members of that 
society have become members of the S. A. E., or have filed applica- 
tion for membership. The Council of the Society of Tractor Engi- 
neers has recommended that its members consolidate with the S. A. E. 
under the proposed conditions. The executive committee of the 
National Association of Engine and Boat Manufacturers has voted 
favorably on this plan. We expect the National Gas Engine Asso- 
ciation and the American Society of Agricultural Engineers to co- 
operate in carrying on our standardization work. 

COOPERATION WITH THE GOVERNMENT 

Cooperation with the Government is an impressive feature of our 
present work. This Society represents an essentially modern and 
progressive industry. Because of that fact and because of the effec- 
tive work it has done during the past several years, the S. A. E. has 
received distinctive recognition from the Government. The Truck 
Standards Division of the Standards Committee is helping the War 
Department Staff to formulate suitable military truck specifications. 
The Aeronautic Engine Division of the Standards Committee has been 
authorized by the Council to cover the aeronautic field. This Division 
is already in active cooperation with various Government departments 
in formulating specifications and standards suitable for this new and 
rapidly developing industry. A Tractor Standards Division will be 
chosen to consider the increasing number of perplexing questions aris- 
ing in this field. We are cooperating with the Bureau of Standards 
on a number of important problems, including that of gasoline 
specifications. 

We are also in close touch with the commercial and users organiza- 
tions of the various industries. We are working with the National 
Automobile Chamber of Commerce in connection with such problems 
as head-lamp glare, carrying capacity of solid tires and engine-number 
location. We are engaged in various activities with the American 
Automobile Association, The Automobile Club of America, The Safety 
First Federation of America, The Motor Truck Club and The New 
York Automobile Dealers' Association. 

The Society has gained substantially in membership during the 
year. On Jan. 1, 1916, there were 1783 members. During the year 
337 members have joined, making the present total 2120 members. 
This does not include the Section Associates. The increase in 
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membership during the year has put the Society in a better financial 
condition than ever before. In 1910, when the Society began the 
real standardization work, the funds necessary to carry on the work 
were personally guaranteed by a few of the prominent engineers of 
that time. While the annual budget is many times what it was sev- 
eral years ago, owing to greater office rent, salaries, printing ex- 
pense and standardization work, the income from initiation fees, 
dues, advertising and other sources has kept pace with the increased 
expense. 

WORK OF THE SECTIONS OF THE SOCIETY 

The several Sections deserve great credit for the important part 
they have played during the year in keeping up the general interest 
of the members in the Society's work. I have attended Section meet- 
ings in New York, Cleveland, Indianapolis and Detroit and assisted 
in the organization of a new Section in Buffalo. The many enthusi- 
astic meetings held by the Sections have benefited the Society at 
large through the increased number of valuable papers obtained for 
the S. A. E. Bulletin, through additions to the membership, through 
wider publicity given the standards work and through the expanding 
interest in S. A. E. activities among the manufacturers. We should 
encourage the Section work in every way. The success of the parent 
Society depends in a large measure on the activities of its local 
organizations. 

While the past history of the S. A. E. shows an enviable record of 
great accomplishments, who can predict its future when a broader 
field of endeavor, made possible by the merging of allied engineering 
societies, is opened up to it? In the past the Society has done a 
great constructive work of benefit for all time to the automobile in- 
dustry. With a greater membership and organization, greater funds 
and experience and greater recognition from the industries and Gov- 
ernment, I predict amazing results for the coming year's work. 



DISCUSSION ON CONSTITUTIONAL AMENDMENTS 

President Russell Huff: — We have for consideration the fol- 
lowing proposed changes in the Constitution : 

"Section C-1 shall be amended by inserting therein as the name of 
this Society, "The Society of Automotive Engineers" with the addi- 
tion of the word "Incorporated" or any other similar word indicat- 
ing clearly the corporate character of the Society, if such addition 
shall be required by the laws of the State of New York. 

Section C-29 shall be made to read: 

The affairs of the Society shall be managed by a board of fifteen 
directors chosen from among its Members or Honorary Members, 
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which shall be styled "The Council." The Council shall consist of the 
President, the First Vice-president and five Second Vice-presidents 
representing motor car, aviation, tractor, marine and stationary 
internal-combustion engineering respectively, six Councilors, the 
Treasurer and the surviving Past-president who last held office. 
Five members of the Council shall constitute a quorum for the 
trEnsaction of business. The Secretary may take part in the 
deliberations of the Council, but shall not have a vote therein. The 
Chairman of the Finance Committee and the Chairman of the 
Standards Committee may attend the meetings of the Council and 
take part in the discussion of questions affecting their Committees, 
but shall not have a vote. 

Section C-30 shall be made to read: 

Should a vacancy occur in the Council, or in any elective office 
except the Presidency or First Vice-presidency, through death, resig- 
nation or other cause, the Council may elect a Member or Honorary 
Member of the Society to fill the vacancy until the next annual elec- 
tion. Should a vacancy occur in the First Vice-presidency it shall 
be filled by the Council designating one of the Second Vice-presi- 
dents. 

Section C-35 shall be made to read: 

At each Annual Meeting there shall be elected from among the 
Members and Honorary Members: 

A President to hold office for one year. 

A First Vice-president to hold office for one year. 

Five Second Vice-presidents to hold office for one year. 

Three Councilors, each to hold office for two years. 

A Treasurer, to hold office for one year." 

According to the Constitution, if twenty members favor these 
proposed changes at this meeting, they go to the Society for adop- 
tion on letter ballot. 

R. H. Combs: — I suggest that those of the members present who 
are in favor of these constitutional amendments be asked to rise. 

President Huff: — Are twenty or more members present who 
will express their views, showing whether they favor these amend- 
ments? 

(Secretary Clarkson announced 59 members rising.) 

President Huff: — These amendments will now be submitted 
to the voting members of the Society by letter ballot. I will read 
another constitutional amendment that has been proposed. 

"United Service Membership shall be composed of engineers 
twenty-six years of age or over, engaged exclusively by the Federal 
Government; the qualifications of this grade being the same as those 
for member. The initiation fee and annual dues for membership 
shall be ten dollars and five dollars respectively." 

That amendment is now before the members for discussion. 

R. H. Combs: — As Chairman of the Membership Committee I 
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am somewhat responsible for the proposal of that amendment. It 
seemed to be necessary at the time of the 1916 Summer Meeting 
to have some grade of membership to take care of Army and Navy 
officers; but since that time our affiliations with other societies, and 
some laws passed at Washington that have helped the Army and 
Navy considerably, lead me to believe that the United Service Mem- 
bership would be not only unnecessary, but perhaps undesirable. 
I move, therefore, that the proposed new amendment be tabled. 

(On motion, duly seconded, it was voted to table the proposed 
amendment.) 

President Huff: — The meeting is now open for discussion of 
new business. 

CONSTITUTION COMMITTEE AMENDMENT 

W. H. Conant: — The (Council of the Society recently appointed 
a committee to suggest a slight revision in the qualification clause 
for membership in the Constitution. As a member of that committee 
I discovered that the Constitution must be revised occasionally, in 
order that it may be brought up to date and provide for the greater 
activities that we undertake each year. Because of the fact that 
there appears to be some reason for changing, amending, adding 
to or enlarging its scope at nearly every semi-annual session, it 
has been suggested that we add to our standing committees of the 
Society one on the Constitution, to consider these proposals for 
amending it, harmonize them with other provisions of the Con- 
stitution and put them in such phraseology that they will be clear 
and mean what they were intended to when first proposed. 

Therefore, I offer the following amendment as provided in the 
Constitution for proper procedure and submit it in writing to the 
Secretary. I move that we add to C-45 the folowing: 

"There shall be also a standing committee which is to be called 
the Constitution Committee, consisting of three members, one of 
whom shall be appointed by the President each year for a term of 
three years. The member who shall have but one year yet to serve 
shall be the chairman. All proposed amendments to the Constitu- 
tion shall be referred to this Committee for revision or recom- 
mendation before being submitted to the membership for considera- 
tion; and the Committee shall from time to time initiate such sug- 
gestions for constitutional changes as shall seem necessary by the 
activities of the society." 

Prof. F. R. Hutton: — The Society of Mechanical Engineers has 
found a committee of this sort essential, not only for the considera- 
tion of the wording of proposed amendments, but also that the 
Society should be guarded against the unnecessary taking up of its 
valuable time in the discussion of ill-considered amendments. When 
the committee reports it reports either favorably or adversely. The 
time of the membership is saved, because the discussion takes place 
in the committee and not in the general meeting. 
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President Hupp: — Before this amendment can be discussed at 
length we should have a second to it. Does anybody care to 
second it? 

Prop. F. R. Hutton: — My speech was a speech of second. 

President Huff: — If there is no further discussion we will call 
for any other new business. 

R. H. Combs: — It has been deemed advisable to change Article 
C-8 of the Constitution to read as follows: 

''The member grade shall be composed of persons twenty-six 
years of age or over who by previous technical training or experi- 
ence or by present occupation are qualified to act as designers or 
constructors of complete automotive vehicles or their important 
component parts, or to exercise responsible executive supervision of 
the production of materials germane to the construction of auto- 
motive vehicles, or to take responsible charge of automotive engineer- 
ing work, or to impart technical instruction -to automotive vehicle 
design and construction." 

The changes are these: we have eliminated the word "automo- 
bile" and substituted "automotive" on account of the proposed change 
in the name of the Society. We have struck out the words "or their 
equipment," which appeared in the paragraph regarding the con- 
struction and design of parts or equipments. We have also can- 
celled the words "and engineering instruction." The last three 
or ifour words in paragraph C-8, regarding instruction in the use 
of automobiles, have been omitted. 

(On motion, duly seconded, it was voted to put the amendment 
before the meeting for discussion.) 

society membership qualifications 

Prop. F. R. Hutton: — It seems to me that the amendment tends 
to narrow the scope of membership in the Society, or rather, not to 
broaden it enough. The purpose of our recent developments has 
been very greatly to open up and widen the significance of the 
membership in the Society of Automobile Engineers. 

It would be desirable to rephrase the present qualification clause 
so that it should be so broad that a man properly qualified would 
have no difficulty in coming within our membership requirements. 

Howard E. Coffin: — The great difficulty with most engineering 
societies is that they are composed of men who would like to feel 
that they are in a class by themselves. That is one of the most 
disastrous attitudes as far as actual practical work is concerned. 
I am in favor of this organization taking such an initiative among 
the engineering and scientific organizations that we relegate to the 
background, in so far as may be possible, that feeling. This organ- 
ization has a very much more difficult work to do and a very much 
more difficult relation with the industries which it is to serve than 
have any of the other so-called national engineering organizations. 
The history of the past two or three years proves conclusively that 
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this organization has lived up to its obligations in that line. Now 
let us not backslide. 

K. W. ZiMBfERSCHiED: — It may not be sufficiently clear that this 
provision applies only to the designation of member grade. It does 
not eliminate any of the activities that we are carrying on by our 
membership as a whole. It is simply a very slight change in the 
member grade. The associate grade and junior grade stand as they 
always have stood. It defines the member grade a little more clearly 
for the help of the Council. 

G. A. Green: — The wording as put forward now covers the 
situation thoroughly, but it should be broad enough to permit the 
admission of any man who is considered desirable. This is a society 
of engineers, and I think we should not forget that fact. Engineers 
are in a class by themselves. If we are going to have a society that 
is not an engineering society, then we can let into it as members 
those people who are not engineers. 

W. H. CoNANT: — I move that the following amendment be added 
to the proposed amendment to C-8 : "Or who by reason of distinguished 
service or noteworthy accomplishment would in the discretion of the 
Council appear to be desirable additions to this grade." 

(The amendment was seconded by Howard E. Coiiin.) 

Prof. F. R. Hutton : — The Council has to be, in the last reduction, 
the gate through which every member is to come, and its discretion 
must be exercised. The constitution should not be so worded that 
any man may say, ''I do come under that particular requirement as 
stated in the Constitution; I am therefore eligible and the Council 
must elect me." That view, I am sure, is not one that we desire to 
force on the Council; we should always leave the discretion with it. 

LEGAL STATUS OF THE SOCIETY 

President Huff: — Before leaving the question of constitutional 
amendment, particularly the one changing the name of the Society, 
I want our attorney to tell us something about the laws in reference 
to these changes. 

George H. Engelhard: — The amendment relating to the change of 
name of the Society affects not only its Constitution but also the 
charter and the certificate of incorporation. In order to make it 
effective, even after the Society has gone through the procedure that 
its constitution prescribes, through the letter ballot and all that, it 
will also be necessary to go through the form prescribed for the 
amendment of a charter. That must be done by submitting the 
matter to the Secretary of State at Albany, and there a law that 
has been enacted since this Society was formed will probably be met. 
That law prescribes that no corporation shall be allowed to do busi- 
ness in the state unless its name indicates clearly that it is an incor- 
porated body and not merely a loose association or a partnership. In 
order to obey that law it would be necessary to insert the word "Incor- 
porated," or a similar word in some form into the new name of the 
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Society; and the Secretary of State would not permit the proposed 
change of name without some such insertion. That can be done by 
adding merely the letters ''Inc." at the end of the name, which on 
the letterhead can appear in a subordinate way, so that it does not 
attract great attention. The law is comparatively new and has not 
yet been interpreted fully. We are therefore not certain whether it 
does apply to a society of this kind, but the chances are strong that 
it does. I should suggest, therefore, that in approving this amend- 
ment now for submission to the members, it be submitted in an alter- 
native form, permitting if necessary the addition of the word 
"Incorporated" or any otiier similar word to the proposed name, so 
as to make it possible for the officers of the Society to put the matter 
through the Secretary of State's office without having to come back 
to the members again. 

A vote has already been taken on the question whether this 
amendment in that form should be submitted to the members by 
letter ballot, and it has been decided that it should be. It might 
be well perhaps, on a motion to reconsider that, to propose as an 
amendment to this amendment an alternative form of name that the 
officers shall be authorized to try to put through if necessary, and 
that if the Secretary of State will accept the name as it was proposed 
this morning that then that name shall go through. 

The amendment relating to the increase in the number of directors 
will also be an amendment to the charter and have to be put through 
the necessary legal formalities required by the laws relating to 
charters. All of this can probably be covered by proxies which can 
be sent out at the same time with the letter ballot, so that the 
members can then put the thing in such shape that the members will 
not have to assemble again for a live vote. 

A. L. Riker: — Does not that law simply apply to corporations that 
are conducted for profit? In other words, an association incorporated 
would be operating as an association without profit. It hardly seems 
necessary to have that ''Incorporated" on the end of our name. 

George H. Engelhard: — That is the precise question that in our 
opinion is still open. The law does not say that no corporation shall 
be formed and no certificate of incorporation shall be filed without 
the use of that word "incorporated." It says that no corporation 
shall be allowed to do business in this state which has not such a 
word or such an indication of its name. Now at first blush that 
might seem to let you out, because your society does not do business. 
Then, however, they add an express exemption from the statute 
which covers only benevolent and religious societies. 

(On motion, duly seconded, it was voted to reconsider the vote of 
the meeting on the question of submitting by letter ballot the pro- 
posed amendment relating to the change of name.) 

George H. Engelhard: — I would suggest that a motion be made 
that the proposed amendment of Section C-1 shall be as follows: — 
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Section C-1 shall be amended by inserting therein as the name of 
this Society, "The Society of Automotive Engineers" with the addi- 
tion of the word "Incorporated" or any similar word indicating 
clearly the corporate character of the Society, if such addition shall 
be required by the laws of the State of New York. 

(On motion, duly seconded, it was voted to adopt the amendment 
to the proposed amendment.) 



APPLICATIONS APPROVED BY THE COUNCIL 
SINCE JANUARY, 1917, MEETING 

Members 309 

Associates » 424 

Juniors 101 

AflfUiates 18 

Affiliate Representatives ^ 38 

Student Enrollments 51 

Total 941 

June, 1917. 

ELECTION OF OFFICERS 
Report of Tellers 
For President — 

George W. Dunham ',-. 430 

For First Vice-President — 

J. G. Vincent 428 

For Second Vice-President — 

C. M. Manly 431 

For Members of the Council (to serve two years) — 

B. B. Bachman 429 

H. L. Homing 432 

C. W. McKinley 427 

For Member of the Council (to serve one year) — 

F. E. Moskovics 425 

For Treasurer — 

Herbert Chase 432 

(Signed) Ferdinand Jehle, 
M. A. SMrrH, 
Austin M. Wolf. 
January 11, 1917. 
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ATTENDANCE AT COUNCIL MEETINGS 

During First Six Months of 1917 

Possible Actual 

George W. Dunham, President 6 6 

Jesse G. Vincent, First Vice-President 6 3 

Charles M. Manly, Second Vice-President 6 6 

Herbert Chase, Treasurer 6 5 

B. B. Bachman, Councilor 6 6 

H. L. Homing, Councilor 6 5 

C. W. McKinley, Councilor 6 4 

F. E. Moskovics, Councilor 6 5 

David Beecroft, Councilor 6 5 

Russell Huff, Past-President 6 2 

W. H. VanDervoort, Past-President 6 1 

H. M. Swetland, Chairman, Finance Committee 6 1 

Coker F. Clarkson, Secretary 6 5 
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SOCIETY OP AUTOMOTIVE ENGINEERS, INC. 

TREASURER'S REPORT 

FOR THE PERIOD ENDED APRIL 30, 1917 

Balance on Hand, Oct 1, 1916: 

Certificate of Deposit $22,000.00 

Checking Account 860.37 

Cash in Office 25.00 

$22,885.37 

Receipts 

Initiations $6,378.00 

Dues 29,870.80 

Pin, Binder and Folder Sales 1,363.00 

Publication and Other Receipts 31,144.88 

$68,756.68 

Less Discount 280.83 

Total Receipts $68,475.85 

$91,361.22 
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Total Amount Brought Forward $91,361.22 

Disbursements 

Salaries $11,062.47 

Auditing 175.00 

Pin, Binder and Folder Stock 1,106.61 

Postage 1,243.74 

Publication Expense 8,677.09 

Rent 1,747.67 

Council and Committee Expense .... 39.22 

Meetings Expense 11,360.03 

Telephone and Telegraph 431.62 

Carfare 5.45 

Office Expense 271.66 

Express 536.68 

Stationery and Supplies 1,083.09 

Furniture and Fixtures. 1,045.90 

Standards Committee 8,460.54 

Convention Reporting 203.68 

Library Expense 34.03 

Investment 14,591.95 

Unclassified 5,558.82 

$67,635.25 

Less Discount 325.76 

Total Disbursements $67,309.49 

$24,051.73 

Balance on Hand, April 30, 1917: 

Certificate of Deposit $13,000.00 

Savings Bank 7,000.00 

Checking Account 3,696.73 

Cash in Office 355.00 

$24,051.73 



I hereby certify that the above statement is correct. 

H. D. Dabney, 
May 17, 1917. Public Accountant. 
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SOME PROBLEMS IN AIRPLANE 
CONSTRUCTION 

By Capt. V. E. Clark, Capt. T. F. Dodd, and O. E. Strahlmann 
(Member of Society) (Non-Member) (Member of Society) 

Abstract 

The authors advance for discussion some important prob- 
lems in the construction of airplanes for military use in this 
country. The functions of military airplanes designed for 
strategical and tactical reconnaissance, control of artillery 
fire and for pursuit are outlined. 

Problems in construction with reference to the two-pro- 
peller system, methods of reducing vibration, application of 
starting motors, details of the gasoline supply-system, metal 
construction for airplanes, flexible piping, desirable char- 
acteristics of mufflers, shock absorbers, landing gear, fire 
safety-devices, control of cooling-water temperature, variable 
camber wings, variable pitch propellers and propeller stresses, 
are all given consideration. 

The paper is concluded with suggestions for improvement 
in design relating to the use of bearing shims, the rigidity of 
crankcase castings, interchangeability of parts and better 
detail construction in the oiling, ignition, fuel supply and 
cooling systems. 

In this paper we shall advance for discussion, with hopes of solu- 
tion, some important problems connected with the construction of air- 
planes intended for military uses in the United States. Many of 
these problems also apply to airplanes built for commercial and sport- 
ing purposes. Although the lessons on type development that are 
being learned in the European war are of immense value to us, many 
conditions that we must meet are peculiar to this country. 

MILITARY FUNCTIONS OP AIRPLANES 

We will first consider the various military functions (becoming 
more and more distinct) , as we understand them at present. It must 
be borne in mind that other important uses will, in all likelihood, de- 
velop. The airplane itself and its uses in war are so new that it is im- 
possible to predict, with any degree of accuracy, the developments in 
even a few months. At present the airplane is being used in war for 
reconnaissance, fire control, rapid transportation of important officers 
or communications, demolition of valuable structures by bombing, and 
to attack hostile airplanes in order to prevent them from performing 
these functions. 

40 
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la — Strategical-Reconnaiasance Machines 

For this work the fuel capacity should insure a flight of at least 
500 miles without stop. The average speed during this flight should 
not be less than 80 m.p.h. The military load consists of one pilot, one 
observer, a sketching outfit, a camera, a wireless set, and navigating 
instruments. 

The general rule is becoming more and more firmly established 
that no military airplane should be entirely defenseless against the 
attack of hostile airplanes. 

This and all other service types should carry one or more machine 
guns, and the general arrangement of the system should be such as to 
permit extensive fields of fire in important directions. 

The useful load, that is, fuel plus the military load, and the speed 
range, determine the power required. A pOwerplant of about 200 hp. 
would apparently satisfy most economically this problem, the primary 
requirements of the powerplant being reliability and fuel efficiency. 

Assuming this, the fuel will weigh between 700 and 800 lb. The 
military load will be almost 600 lb. The complete airplane, fully 
loaded, will weigh over 3500 lb. 

This airplane would also be adapted for long-distance transporta- 
tion of important communications or officers. 

lb — Tactical-Reconnaissance Machines 

The fuel capacity of this type should insure a continuous flight of 
at least 250 miles at a speed of not less than 85 m.p.h. The military 
load should be about the same as that carried in the strategfical- 
reconnaissance machine. 

A powerplant of about 125 hp. is desired, the primary require- 
ment being reliability. The fuel will weigh about 225 lb., the air- 
plane loaded, somewhat less than 2400 lb. 

2 — Field-Artillery Fire-Control 

The tactical-reconnaissance machine can perhaps perform this 
duty, but it appears that the fire-control machine should be slower, 
and that one of its primary requirements should be an extremely 
good field of vision. The engine should be of 125 hp., or perhaps less. 

S — Long-Ranger Bombers 

We here attack a more difficult problem, owing to the heavy use- 
ful load with which we must climb from the starting field. 

There will probably be a wide range in sizes of machines intended 
for this duty. We will discuss what we might call an average type at 
the present time. 

The fuel capacity should permit going out at least 200 miles and 
returning safely, starting with a load of bombs weighing, say, 400 lb. 
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The machine should be capable of defending itself from hostile air- 
craft, so that it can operate independently of escort. 

It appears that we need at least 250 hp. and that, depending upon 
the total useful load, 300 hp., or even 350, would not be too great. 

If we assume 300 hp., the fuel weight will be at least 900 lb. and 
the total military load, including bombs, about the same. 

This airplane will weigh, loaded, between 5000 and 6000 lb. 

4 — Pursuit MaehvMa 

The function of this tsrpe is to attack and drive off hostile air- 
planes of any of the three first-mentioned types, preventing than 
from accomplishing their purpose. In fact, the employment of this 
tsrpe should afford a sort of offensive defense against hostile aircraft 
of all descriptions. 

While the types la, lb, 2 and 3 are interested primarily in ob- 
jects on the ground, the pursuit type is occupied solely with events 
in the air. This type is at present divided into the one- and two- 
place subclasses. 

a. — One-Place Machine, This carries fuel for two hours at full 
speed, about 130 m.p.h. The pilot, the only occupant, controls the 
machine and operates the machine gun, or guns, of which there can be 
from one to four. He usually aims the gun, in action, by "pointing" 
his airplane. 

All characteristics are sacrificed, within reasonable limits, in order 
to obtain rapid climbing ability, high speed, rapid climbing ability at 
high speed, and the greatest possible dodging ability, or "handiness." 

In the engine, reliability must be sacrificed to a great extent to 
obtain low weight per horsepower, in order that the necessary attri- 
butes of the airplane can be obtained. Between 90 and 130 hp. is de- 
sired. At present by far the greatest percentage of engines in this 
type of machine are of the rotary air-cooled type. 

b. — Two-PUice Machine, This carries fuel for three hours at full 
speed, about 110 m.p.h. Space is provided for two men, the pilot and 
the gun operator. This is, of course, somewhat larger and less agile 
than the one-place machine and, it is believed, is rapidly losing its 
popularity in favor of the smaller type. The power required is from 
110 to 160 hp. 

5 — Oversea Reconnaissance 

a. — The long-range machine of this type must carry fuel for six 
hours at not less than 75 m.p.h. Two men, wireless-transmitting 
set and navigating instruments are carried. The 300-hp. plant used 
on the bomber should answer for this type satisfactorily, the greatest 
requirements being reliability and fuel efficiency. 

b. — The machine used for short-range reconnaissance and coast- 
artillery fire-control must carry fuel for three to four hours at speed 
of not less than 75 m.p.h. Two men, navigating instruments, wire- 
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less and other signalling apparatus will be required. The 200-hp. 
engine used in the land strategical-reconnaissance machine should 
answer. 

SOME PROBLEMS IN CONSTRUCTION 

It is important that engineers work out the mechanical details of a 
great many problems in construction, among which are the two- 
propeller system, the reduction of vibration, the development of 
light engine starters, gasoline supply systems, devices required for 
safe landing and improvements in wing and propeller design. 

The Two-Propeller System 

When an all-round field of fire is necessary, the best arrangement 
is to carry the two or three operators and the main supply of gaso- 
line in a central body, and to drive the machine by two propellers — 
one at each side of this central body. 

By such an arrangement machine guns can be fired forward, in 
attack, and to the rear, in retreat, with extensive fields of fire in both 
directions, above and below, to right and to left. This attribute is 
always desirable, and, in some types, as for instance in the bombers 
and reconnaissance machines, is essential. 

These propellers can be either tractor screws or "pushers." The 
left-hand propeller should turn clockwise and the right-hand propeller 
counter-clockwise. This symmetrical arrangement is a great advan- 
tage, in that it permits equalized torque and gyroscopic effects when 
turning in different directions. In addition, it makes for safety, be- 
cause the downward velocity imparted to the inboard parts of the 
two slip-streams that strike the horizontal tail-surfaces produces an 
inherent tendency toward nose heaviness without power and toward 
tail heaviness with power. We can, therefore, design so that the line 
of thrust is considerably above the center of gravity, compensating 
for this, and obtaining another convenient feature. 

A fourth great advantage of such a system is the fact that great 
power can be transmitted with good propeller efficiency without de- 
manding excessive diameter and retaining satisfactory structural 
factors of safety. It is highly desirable that the line of thrust of the 
propeller be kept below the center of gravity of the airplane, unless 
the two-propeller arrangement, as described above, be used; a pro- 
peller of large diameter, with sufficient clearance, necessitates a high 
landing gear with its many great disadvantages. It appears extremely 
difficult to build a propeller of wood, of satisfactory strength (if the 
speed of revolution be high), giving good efficiency, to transmit more 
than 160 hp. Peculiarly stringent climatic conditions making for rapid 
deterioration have increased this difficulty. In fact the tendency to 
reduce cylinder diameter and increase crankshaft revolution speed is 
already necessitating a gear between crankshaft and propeller-shaft 
in order to keep the propeller speed below 1300 r.p.m., which is con- 
sidered desirable. 
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A fifth advantage of the two-propeller arrangement is that the 
total resistance of the air to progress through it of the complete air^ 
plane while flying under power will be diminished owing to the fact 
that less total projected area of bodies will lie in the propeller slip- 
streams. The velocity of the air striking objects lying in the slip 
stream is, say, 20 per cent higher than the velocity of air not in the 
Blip stream. The resistance varies about as the square of the velocity. 
Therefore, all other things being equal, less power will be required 
to overcome the total resistance. 

Arrangements with Two Propellers 

Four different systems for two-propeller installation have been 
suggested: 

1. Two engines, one on each side, mounted out on the wings. The 
fundamental weakness of this system is that these great masses, re- 
moved so far from the center of gravity of the airplane, produce great 
moments of inertia, and consequently show periods of oscillation. The 
machine is "logy" and probably not satisfactory for any but **hydro" 
purposes, in which case a "snappy" machine is impossible at best. 

2. Two eng^ines mounted in the central body between pilot and 
observer, each driving its own propeller through bevel gears and 
shafts, or by other method, the two systems being independent. 

3. One large engine, mounted in the central body, driving both 
propellers, one propeller at each side. 

4. Two engines, mounted in the central body, with a system of 
clutches connected with the transmission system in such a manner 
that either engine, or both engines, can drive both propellers, it 
being possible for the pilot to shift during flight. 

The last system presents many advantages over the others, but 
it is entirely possible that excessive weight and complexity will render 
it impracticable. The system, as a whole, miLst be reliable. 

In the design of any system of transmission for the two-propeller 
arrangement, the engineer must bear in mind that the structure 
of the wings supporting the propeller and transmission is very light 
and rather flexible, usually vibrating during flight. 

The information at hand indicates that, to date, no successful 
airplane of the two-propeller type has been developed, but it is urged 
that the possible advantages are such as to warrant great effort on 
the part of engineers in developing this improvement. 

Methods of Reducing Vibration 

The problem of reducing vibration of the airplane in flight, 
initiated by the engine, is a serious one. It is diflicult to realize, 
without actual experience, the viciousness of this vibration, especially 
when the engine is of the eight-cylinder type, even though it is run- 
ning normally. After one experiences this vibration, it is easy to 
understand why ignition systems, gasoline-supply joints, water-cooling 



Digitized by 



GooQle 



PROBLEMS IN AIRPLANK CONSTRUCTION 45 

systems, delicate instruments, and even wire terminals and struc- 
tural joints of the airplane itself, deteriorate so rapidly. 

The vibration throughout the airplane can of course be reduced by 
better design of the engine mounting, but we cannot hope to eliminate 
it entirely in this manner, if the engine itself is not of the proper 
design. We must remember, in this connection, that the engine is 
not always operating at the same speed during flight. We can, 
for instance, if flying at extremely high speed, turn the crankshaft 
over at, say 2000 r.p.m.; whereas, if our sole object is to remain in 
the air without losing altitude, as when spotting for artillery fire, 
we can use a crankshaft speed of, say, not more than 1200 r.p.m. 
The vibration at any speed should not be excessive. 

Starting Motor for Engmea 

The development of light starters is a matter of immediate im- 
portance. For instance, a seaplane equipped with two engines, one 
out on each wing, would be utterly useless without reliable starters. 
It seems quite probable that electric starters will be preferable, if the 
weight can be reduced sufficiently, and if the danger of spilling 
electrolyte be eliminated. It appears that any engine of over 140 hp. 
requires a starter. 

Reliable provision for starting the engine in extremely cold 
weather is necessary. 

Gasoline Supply-System 

To date none of our pilots are anxious to fly across country with 
any except gravity feed. 

The gasoline supply-system. Figs. 1 and 2, required by the U. S. 
Army for twin-engine seaplanes, is as follows: 

The flow of fuel shaU be from the main supply tank in central body to 
the gravity service-tank located at the center of the upper wing; from 
l^avity service-tank by gravity, along the lower wing panels, to the small 
headers at the carbureters of the two engines, and from the small headers 
in each case to the carbureter. 

These tanks shall have fuel capacities sufficient for operation at full rated 
power, as follows: Main supply tank, 4 hr. 35 min. ; gravity service-tank, 
25 min. ; each header to carbureter, 1 min. 

The design and material of the gasoline supply-system throughout shall 
be such as to obtain, extreme lightness as far as consistent with strength and 
resistance to corrosion. * 

Main OaaoUne-Sypply Tank in Central Body 

This shall be divided by one vertical longitudinal bulkhead and one 
vertical transverse bulkhead into four gasoline-tight compartments. Proper 
swash-baffle plates shall be installed. The tank shall be of sturdy construe^ 
tion throughout. 

Th6 main tank shall be of such shape as to properly fit the central body.* 
It shall be securely fastened in the structure of the central body in such a 
way as to be undisturbed by any possible motion of the airplane. The 
structure shall be such that the tank will withstand an internal pressure of 
at least 7 lb. per sq. in. without leakage of gasoline. The design shall be 
such that there will be no ill effects from drumhead vibration. 

Suitable means shall be provided for quickly and conveniently filling and 
for completely draining all four compartments. 

Each filling hole shall have a suitable screen filter, 100 mesh to the inch. 

Plugs or caps for filling holes shall be air-tight and provision shall be made 
fqr^s^fejtying" them positively in place. Suitable gaskets shall be used. 

Provision for reducing to a minimum the rate of leakage due to bullet 
holes by lining the inside of the tank with a special material, is highly 
d0sirable. 
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Suitable gasoline-suppty gage shall be installed. 

'niere shall be leads from the bottoms of the four compartments to the 
upper gravity service-tank. 

Supply of OctaoHne from Main to OravUy'Service Tank 

nils shall be by two methods: 

First — ^Air-fan driven pump, so designed as to maintain proper air 
pressure in or suction from the main tank system, and to operate satisfac* 
torily during flight. An alternative and better method will be to install two 
such fans, each fan maintaining pressure in any two of the four compart- 
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Pig. 1 — Qasolinb Supply System (Suction Pump) for Military Sbaflanr 



ments of the main tank. When any one or two of the four compartments 
of the main tank leaks (because of bullet hole or through other cause), an 
arrangement by which pressure or suction can be maintained through the 
leads from the tight compartments is highly desirable. 

Second. — A hand air-pressure pump in or at the side of the pilot's cock- 
pit, which can be used when not in flight or in an emergency. This pump 
shall be located in the cockpit at a point as high aa will permit convenient 
operation by the pilot in his seat. It shall be provided with a suitable air- 
pressure gage, visible to the pilot. Its connections with the compartments 
of the main tank shall be at a point as hi^ as practicable to prevent the 
pump becoming flooded with gasoline. An arrangement by which pressure 
can be maintained by the hand air-pressure pump on tight compartments 
of the main tank when one or two compartments leak is highly desirable. 

Conatrwition of Qraviiy Service-Tanh 

This tank shall be of sturdy Construction, securely supported in place, 
and provided with the proper number of swash-baffle plates. It is considered 
desirable to protect this tank with light V-shaped armor on the under side. 
An automatic ball-float valve shall be provided to prevent overflUing of this 
tank. A suitable overflow pipe out of the top center of the gravity service- 
tank shall be provided. The gravity service-tank shall be of good stream-line 
form. 

A suitablegage, visible to the pilot in his seat, shall be in the gravity 
service-tank. This gage shall be connected at such a point that it will register 
accurately through the range of normal flight attitudes. 
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From the irravity service-tank the gasoline shall be led to a small header 
at each engrine by leads within or along the lower wing panels. Between 
gravity service-tank and each header shall be two independent, and, as far 
as practicable, isolated tube leads. Bach of these four leads shall connect 
with the lower part of the gravity service-tank at such a point that the 
supply will not be interrupted at any normal flight attitude. 

At the connection of lead to the gravity service-tank shall be a suitable 
wire gauze strainer, mesh 100 to the inch. Provision shall be made to prevent 
the possibility of air pockets in the gasoline leads from the gravity service- 



Cprburefer 
.Header 



Saso/in€ Gt q es 



'pa/I f loaf CfHck 
C-0¥€/fhtf 



H0ad0rs.6ra\fifyy^Tarfk to Carhun t irs 



Air Ptvssurt 
Gage 




Tobewithm 
ireachofPltdf 

^—^'//orKfA/mp 



W^- 



\k. 



Main Tank 
(Fouf paS'fight Compart- 
menfs) 



VFeec/L 

ticf/n 



I 0St 

^ » Girf¥}ty Tank 



Air-tight 
rmngHolei 



3»0<5<3 



'""Ora'/ns ■ 
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tank. Provision shall be made for permitting the pilot, while in his seat, 
to cut off the gasoline supply, through all leads, from the gravity service- 
tank to the carbureter hesLders. 

Headers Between Carbureter and Service'Tank 

A small cylindrical or stream-line tank or header shall be installed in 
the immediate vicinity of each carbureter. The gasoline shall pass through 
this header after coming from the gravity service-tank. 

Its capacity shall be sufficient for one minute's running at full-rated horse- 
power. The central portion of this header shall be on a level with the jets 
of the carbureter. The axis of the cylinder shall be vertical. 

The cylinder shall be of sufficient length to give satisfactory head, either 
when the airplane is in normal attitudes or when it is upside down. 

Provision shall be made to prevent erasoline from backing up into the 
service lead instead of coming into the carbureter when the engine is upside 
down. 

Suitable gasoline cutoff shall be installed near this header in such a 
position as to be convenient for operation to a man standing on the ground 
or on the wing. 

Tubing for Fuel Leads 

At every point these shall be of the highest grade material best suited 
for the purpose. It shall be approved by the inspection department. Flexible 
tubing shall be 5/16-in. No. 3 copper tubing. Non-flexible leads shall be pip- 
ing as approved by the inspection department. 

Tubing shall in aU Cftseji ^^ pf diameter sufficient to iflve free and oon- 
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tinuous flow under severe vibratory condition& In the absence of other 
instructions the bore shall be 5/16 in. 

All tubing shall bo securely fastened in such a way as to resist wear, 
vibration, and chafing. The number of joints and fittings shall be reduced to 
a minimum. 

Unions, ells, tees, and fitting, to be S. A. R Standard, approved by the 
inspection department The method of connectingr all leads shall be approved 
by the inspection department. All fittings shall be readily accessible for 
inspection, adjustment, repair, or removal. 

Considerable ingenuity will be required to work out satisfactorily 
the mechanical details of this complicated arrangement. For instance, 
a satisfactory method is required of insuring feed from the com- 
partments of the main tank, up to the gravity tank, when one or 
more of the main compartments are punctured by shot. 

MetcU Construction for Airplanes 

It is suggested that there is a considerable field for development of 
airplane structures made of steel or aluminum alloy. The authors 
have gone briefly through the layout of an airplane in which every 
strength member is of metal. In this design it was found most 
convenient to use seamless steel tube at some places, welded tube 
at others, channel section at others, I-section and L-section, at others. 
At a few points aluminum alloy was used, at other points pure 
aluminum, assumption being made that this aluminum was rolled in 
such a way as to give it certain desired physical characteristics. 

It is suggested that, even with the present standard method of 
constrmction, there is great room for improvement in the material 
and method of heat treatment of the metal fittings used in conjunc- 
tion with wood and wire. Especially where fittings are bent both 
with and across the grain, a special alloy appears advisable. The 
same holds for fittings shaped by die-forging. Chrome vanadium 
steel, to comply with S. A. E. Specification 6130, and heat treated in 
such a way as to render it best in each case, is suggested. It is be- 
lieved that the total weight of an airplane can be materially de- 
creased, without sacrifice of strength, and hence superior performance 
obtained, by the use of better steel. 

The construction of floats of metal for seaplanes appears to be 
a possibility as is also the use of metal for airplane propellers. It is 
possible that the entire body might be made of light pressed steel, or 
aluminum, with holes to decrease the weight cut at proper places, and 
covered with linen. 

Flexible Piping 

A satisfactory flexible gasoline lead has not yet been developed. 
Such a lead should resist the action of vibration, should be light in 
weight and resist cutting or denting. The method of making joints 
is important. The duct should be carefully sweated into proper 
terminal fittings. Tube ends of fittings should have spiral springs 
wound around them for at least 2^ in., thus preventing sharp bends 
and distributing the effects of vibration. All unions should be 
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ground, with spherical seats, and threads should be cut clear and 
sharp, with all burrs removed. The inside diameter of tube should 
not be less than 0.85 in. 

A flexible pipe, light in weight, of material suitable for leading the 
exhaust away from the engine would be useful. 

Muffler Requirements 

In military service a hostile airplane is usually first discovered by 
hearing it. A muffler satisfactory as to low weight, flexibility, loss 
of power through back pressure, durability against corrosion, and 
efficiency as a muffler, is highly desirable. 

Shock Absorbers for Landing Gear 

Rubber is not satisfactory as a shock absorber for heavy airplanes. 
Neither is it satisfactory as a military supply, especially when it is 
subjected to the action of heat and the direct rays of the sun. 

It seems necessary to develop a steel-spring shock-absorber. The 
action of this steel spring must, however, be damped by an oil cylinder. 
Without this damping the action is such as to cause the airplane to 
bound excessively upon striking the ground. 

Brakes Required When Landing 

The development of a brake to reduce the run of the airplane after 
it has touched the ground, thus permitting it to land in restricted 
areas, appears to be a difficult problem. It is a moot question whether 
such a brake is desirable when the simple two-wheel landing gear is 
used, as its action has a tendency to throw the airplane over on its 
nose. Where more than two wheels are used, however, a brake fitted 
t> the two main rear outside wheels in such a way that the pilot can, 
from his seat, operate either brake, or both brakes together, would 
be desirable. Such an arrangement would permit him not only to stop 
his machine quickly, but also to steer it on the ground to some extent. 

Folding Landing Gear 

The development of a landing gear that can be submerged within 
the body by the pilot, during flight, would materially increase the 
speed of the airplane by reducing the "parasite" resistance. Such a 
mechanism should be light in weight, sturdy and simple. 

Gasoline Supply Gage 

The development of a gage to indicate the supply of gasoline re- 
maining in the tanks to the pilot, whose seat can be out of view of 
the tanks, is necessary. Such a gage should be simple and sturdy. 
The accuracy and reliability with which it registers should not be 
r.ffected by any change in altitude of the airplane. It should not form 
a possible source of leakage. It should be adapted to both the pres- 
sure and suction systems of feed. 
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Fire Safety-Device 

Many casualties have occurred because airplanes have caught 
fire in the air. While it has been impossible to determine from the 
wreck just what led to the fire» it is quite probable that many of these 
accidents were due to back fire into the carbureter that forced burning 
gasoline out into the surrounding structure, or to a leaking gasoline 
tank. The development of a device that will render such an accident 
impossible would save many lives. 

In this connection it should always be a rule for airplane con- 
structors never to have any electric lead near a gasoline supply or 
lead. 

Altitude Adjustment for Carbureter 

The development of a device to regulate automatically the mixture 
for variations in density of air incident to changes in altitude, would 
be valuable. 

Device for Firing Machine Gun 

A system by which machine guns would be fired by positive action 
of one of the engine shafts is necessary on a single tractor-screw 
machine on which it is proposed to fire through the disk of the pro- 
peller. The most convenient way would probably be to fire from a 
camshaft, as it is believed that fire at the rate of 600 per minute is 
the reasonable limit. The firing pin on the gun should strike the 
primer at the instant that the rear edge of the blade passes the line 
of fire of the gun. The propeller should be two-bladed for this work. 
Such a device should be simple, durable and reliable. 

Vibration-Absorbing Material 

The development of a material more suitable than ordinary felt 
for padding the points of support of radiators, and the like, is highly 
desirable. 

Adjustment of Radiator Cooling 

A more suitable method of permitting the pilot to adjust the 
amount of cooling done by the radiator in order to compensate for 
changes in temperature of air, or changes in speed through the air, 
is necessary. Such arrangement should permit operation by the 
pilot from his seat during flight, or, better yet, might be automatic; 
the device being operated as a function of the temperature of the 
water. It should be durable and should act with reliability. 

Variable-Camber Wing 

Great speed range is a desirable attribute of an airplane, as it 
permits high speed of travel in the air and yet low speed while land- 
ing, which of course makes for safety if the landing place be small 
or rough. Great improvement in the speed range can be brought 
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about by use of a variable-camber wing surface, that is to say, if the 
section form of the aerofoil could be changed at will during flight 
from a shape such as A to one similar to B, Fig. 8. 




.^Fronf Spor ?feor S^r 




Fia. 8 — ^FoRMB OF Variable Aerofoil Sections 

An aerofoil such as B has a high lift-coefficient at large 
angles of attack (the angle of attack being the angle between the 
chord tangent to the lower surface and the relative wind). At small 
angles of attack, where the lift coefficient is low, this shape has a 
relatively high resistance and will consequently require a great power 
to drive it through the air at speed high enough for the necessary 
support. 

The reverse is true of such a shape as A, which, though the lift 
coefficient is poor, has an appreciably lower resistance or "drag." 

If, then, we could utilize the section B for slow speed, as in making 
landings, and section A Igt high speed, the safe limits of speed be- 
tween which the airplane could fly would be extended. The variable- 
camber would permit changing the characteristics of the wing to suit 
conditions. 

Performance curves (Figs. 4 and 5) have been worked out for a 
pursuit machine having a good aerofoil (fixed-camber) in com- 
mon use to-day; and a similar series of curves for a machine with an 
assumed variable-camber wing. It has been assumed that otherwise 
both airplanes are similar. No allowance has been made for the prob- 
able increase in weight of the variable-camber machine due to the 
operating mechanism and structure. 

The slow speed of the fixed-cambered wing airplane is 61 m.p.h. 
This will only permit landing the airplane on an ideal field by a very 
skilful pilot. 

On the other hand the variable-cambered wing airplane can be 
flown at a slow speed of 56 m.p.h. 

The curves show that with the variable camber a higher speed, 
127 m.p.h., as against 120 for the fixed camber, can be obtained with 
the same power. The same speed might be obtained with less power. 

// the same high speed were desired the variable-camber wing 
might have a greater area. It would then have a slow speed of 46 
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m,p.h, as against 61 for the fixed camber (allowing for increased 
weight due to added surface), which would permit its be^ng flown 
and being landed in an ordinary field, by the ordinarily skilful pilot. 
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Fia. 4 — Pbrformancb Curves for Airplane with Fixed-Camber Winq 



It can, therefore, be seen that the invention of a suitable variable- 
cambered wing would be a big step in advance. 

Appendix Giving Mathematical Calculations 

In calculating the values used in plotting the performance curves, Figs. 
4 and 5. the weight of machine was assumed as 1150 lb., and the engine was 
assumed to develop 140 b.hp. 

The lifting power of a wing is given hy L = KvAV, where L is the lift. 
Ky the lift coefficient (which varies for different attitudes of the wing to tne 
relative wind and must be determined by experiment), A is the area of the 
wings and V the air speed. 

Similarly the resistance of a wing is expressed by D = KmAV, Km being a 
variable coefficient that must be found by experiment. 

The speed at which the airplane must fly for any assumed angle of attack 
can be found from the lift formula. The lift in all cases, of course, is as* 
sumed to be the weight of the airplane. 

The resistance of the wings at these speeds can then be determined and 
the total resistance found by adding the parasite resistance, that is, the re- 
sistance of the body, landing gear, etc. 

From the total resistance the horsepower required can be calculated and 
plotted against speed. The horsepower available Is obtained by multiplying 
the efficiency of the propeller by the brake horsepower delivered by the engine^ 
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The ribs ordinarily used in the present type of wing construc- 
tion are shown in Fig. 6. The weight of such a rib for a small 
pursuit machine, as assumed in the above calculations, would be less 
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Fig. 5 PSRFORMANCB CURVES FOR AIRPLANE WITH VaRIABLE-CAMBBR WlNQ 



than % lb. The ribs would be spaced from 12 to 15 in. along the 
spars. A wing complete with cover, internal bracing, etc., weighs 
from 0.6 to 0.7 lb. per sq. ft. of surface. 




I SECTION 
•L A-A 

Pig. 6 — Rib Used in Present Type of Wing Construction 

Propellers with Variable-Pitch Angle 

Improved performance of an airplane, especially as regards radius 
of action, can be brought about by means of a propeller whose pitch 
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angle can be varied by the pilot while in flight. The liability of 
failure, the complexity of the mechanism and the weight added, 
must be weighed against the gain obtained in the performance. 
The gain in efficiency of the variable-pitch propeller over the 
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Fig. 7 — Performance Curves for Reconnaissance Type of Airpt.ane 
WITH Fixed-Blade and Variable-Pitch Propeller 

fixed-blade type is considerable. This increased efficiency makes 
available more horsepower for climbing, giving faster climbing, and 
permits throttling down to attain the economical speed, and hence in- 
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creases the flight radius and the time in the air with a given quantity 
of fuel. 

These facts are more clearly brought out by the approximate curves 
given in Fig. 7, which give the horsepower required, and horsepower 
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Fig. 8 — Showino Boonomical Spkbds of Airplanes with Fixsd-Bladb (Full 
Links) and Variablk-Pitch (Dottbd Links) Propbllbrs 

available at various speeds for a fast reconnaissance type of airplane 
of refined design. The full lines give the power available for a fixed- 
blade propeller; the dotted lines for a variable-pitch blade. It is 
assumed that the propeller was designed for maximum efficiency at 
the high speed of the airplane. 

The most evident gain made by using the variable pitch as ob- 
served from the curves is the increased reserve horsepower available 
for climbing. This particular assumed airplane, with full load, 
climbs : 

With fixed-blade propeller : 660 ft. the first minute. 

With variable-pitch propeller : 715 ft. the first minute. 

The increase in the radius of action is very great, the greatest 
radius of action being obtained when flying at the economical speed of 
the airplane. Fig. 8 shows the economical speed in each case. 
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On one filling: of the gasoline tanks the fixed blade would carry 
the machine about 690 miles in 10% hours. The variable-pitch blade 
would carry the same machine a distance of about 1050 miles in 1B% 
hours. (Were this machine driven at full power it could go but 600 
miles with either propeller.) 

These curves, while only approximate, will at least give some indi- 
cation as to the value of a variable-pitch propeller, especially when 
g^reat distances are to be covered. 

The greater efficiency of the variable pitch would be of value in 
giving increased climbing ability at high altitudes and would make 
possible the reaching of greater heights with a given machine. 
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Fig. 9 — Diagram Showing Effecjtive Pitch of Propeller 



Another feature possible, of secondary importance, in a variable- 
pitch blade is that it can be rotated to give a large negative angle of 
attack, or possibly reversed, when the airplane is on the ground mak- 
ing a landing, thus serving as a brake and cutting down the distance 
the machine rolls on the ground. 

Appendix Giving Mathematical Calculations 

The weight of assumed airplane fully loaded is 2400 lb. The brake horse- 
power of engine is as given in Fig. 11. The fuel capacity is six hours at full 
power. 

If A denotes the angle that the helix line makes with the base line. Fig. 9, 
y the translationai velocity in feet per second and N the propeller speed in 
revolutions per second, then the distance advanced each revolution, neglecting 
slip, is (y -T- N) ft, which is the effective pitch of the propeller. 

Suppose the chord XY ot the blade section at any radius Y^ makes an 
angle a with the helix line, Fig. 9. Angle a is called the angle of attack 
of the section. As (y -r- N) changes owing to a variation in either Y or ^, or 
in both, the blade section will have a varying angle of attack, an increase in 
(y H- ^) decreasing the angle of attack and vice versa. 

The efficiency of such an element is expressed by 

__ tan A 

^ - tan (A + G) 
where Q is the gliding angle, which is a function of the angle of attack and 
varies with the type of section employed. With the usual section used in pro- 
peller df^sigrn G is a minimum when the angle of attack is about 4 deg. It 
would t'iftrefore be advantflfrAOiin from the viewpoint of effiHoncy of the j«po- 
tion to keep the angle of attack at 4 deg. throughout the speed range of the 
airplane. 

This can be accomplished by means of a flexible blade whose pitch angles 
could be changed a varying amount from the tip of the blade to the root or 
hub section. Such a blade is out of the question in the light of present day 
practice. A good approximation to such a blade could be more simply had by 
rotating the blade about its axis perpendicular to the shaft. With the usual 
type of section employed the approximation is good as the value of Q does 
not change greatly for a degree or so on either side of the best angle of at- 
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tack. A mean value for the angle of attack could therefore be found giving 
practically the same efficiency as though all the sections were at the best 
ansrle of attack 

Pig. 10 shows curves in which efficiency of a propeller is plotted against 
(V -i- N). The full line gives the efficiency for a fixed blade, the dotted line 
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FiQ. 10 — Relation of Propeller EJppicibnct and Effective Pitch 



the efficiency of the same blade were the angle of attack kept at approximately 
4 deg. It is assumed that the fixed-blade propeller was designed for a maxi- 
mum efficiency at a value of {y -^ N) of about 6 ft. 

PROPELLER STRESSES 

In connection with the subject of propellers, it may be of interest 
to give a brief review of the variation of stress that occurs in a pro- 
peller blade under an assumed condition of flight. 

The blades of a propeller are subject to the following stresses 
when an airplane is in any but a straight-line flight: 

1. Shear due to aerodynamical forces. 

2. Torsion due to the distance between the center of gravity of 
the blade section and the point of application of the resultant of 
the air reactions. 

3. Tension 4ue to centrifugal force. 
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4. Steady bending due to aerodynamic forces; torque and thrust 
imposing a distributed load on the blade, the hub being the fixed point 
of support. 

5. Reverse bending due to gyroscopic forces, which occur only 
when the airplane has rotation about an axis, as in making a turn 
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Pio. 11 — ^Assumed Brakb Horsbpowbr of Enginb Driving Variablb-Pitch 

Propeller 



or pulling out of a dive. As a matter of fact, an airplane is con- 
tinually turning to some extent if the flight be in disturbed air. 

Each of these forces produces a maximum stress of tension and 
compression in different parts of the blade, hence the resultant fiber 
stress at any point will be equal to the algebraic sum of the individual 
stresses at that point. 

It is sufficient to calculate the stress at the points a, b, c, (Fig. 12) 
along the blade, as these points will be those of maximum stress. 

The shear in any case is small and can be neglected in design. The 
torsion is also small. In good designs, when the thrust is great, the 
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point of application of the air reactions is but little removed from the 
axis passing through the center of gravity of the section. 

The curves of stress given are for a three-blade propeller of about 
8^ ft. diameter, 6 ft. pitch, absorbing 150 hp. at 1300 r.p.m. The 
curves are not accurate, as they are intended merely to give a general 
idea of the order of magnitude of the stresses likely to occur in such 
a propeller. 

The stress caused by centrifugal force is uniform over any section 
of the blade and varies in intensity at points along the blade, as shown 
approximately in Figs. 18, 14 and 15. 




Fio. 12 — ^Points of Maximum Propbllbr Strbss 



Steady bending due to aerodynamic forces is caused by torque and 
thrust. These forces act along X — X and Y — Y, respectively for 
any section, such as shown in Fig. 12. When resolved along / — / and 
// — // they induce bending moments that cause the fiber stress as 
shown in Figs. 13, 14 and 15. . 

Gyroscopic moments are only induced when the airplane is chang- 
ing its direction of flight. In order to estimate the stress set up in the 
blades an assumption must be made as to the angular velocity of the 
propeller axis; that is, as to the precession. There is some question as 
to the assumption it is reasonable to make in computing the stresses. 
The type of airplane, size and disposition of the larger masses, such 
as engines, etc., will affect the rate at which a machine can be turned 
in flight. In general, the angular velocity in yaw will not greatly 
exceed 0.35 radians per second. It must be remembered, however, that 
a steeply-banked turn also involves rotation in pitch. 

The maximum angular velocity attained in coming out of a steep 
dive can be estimated from the characteristics of the airplane and 
the factor of safety, which determine the maximum high speed attain- 
able and the radius of curvature of the path along which it is possible 
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to pull the machine out of its dive safely. A safe value for the 
angular velocity in pitch for the usual type of present-day airplanes is 
about one radian per second Loops have been turned in about 6 sec., 
which gives about the value mentioned of the angular velocity. 

A precession of one radian per second at the normal speed of the 
engine should therefore be assumed in computing the stresses. 




2 i 

RADIUS m FEET 
Fia. 13 — Fiber Stress in Propeller Blade at Point a (See Pig. 12) 



The stresses set up by gyroscopic forces are alternating, changing 
in sign (tension to compression) twice in each revolution of the pro- 
peller about its axis. 

The fiber stress caused by the gyroscopic moments is given in Figs. 
13, 14 and 15. Algebraically adding the fiber stress at the three 
points chosen gives the approximate value of the resultant fiber stress 
at those points, as shown in the same figures. 

It will be noticed that the maximum stresses occur at some dis- 
tance out from the hub. To insure a good wearing blade, which will 
stand up under the necessarily hard usage given it in the field, a 
factor of safety of not less than five is suggested as being the minimum 
consistent with requirements when the three principal stresses are 
taken into consideration. 
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SUGGESTIONS FOR IMPROVEMENTS IN DESIGN 

These suggestions relating to powerplants are based on the experi- 
ence of the First Aero Squadron, U. S. Army, in the field. 

It is considered extremely poor practice to use shims under the 
caps of crankpin and crankshaft bearings. 

Many American crankcases are not sufficiently rigid in construe* 
tion. It is believed that crankcase castings are not designed and built, 
in this country, with sufficient care. Some of the jigs for boring 
crankshaft and camshaft bearing seats are not so accurate as 
is desirable. 
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RADIUS IN FEET 
Pig. 14 — Stress in Propeller Blade at Point b (See Fia. 12) 



In some cases it has been found that pistons are not of uniform 
weight, and are not carefully made. 

Lack of interchangeability of parts and careless workmanship 
have been great faults in this country. 

Oiling System 
This should be by pressure to all important bearings, preferably 
from a gear pump. Screens should be provided to protect the suction 
pumps. For engines that have push-rod and rocker-arm valve mechan- 
ism, means should be provided to reduce the friction on the exhaust- 
valve rocker-arm bearing, especially if the valves are more than 1% in. 
diameter. 
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Ignition 

All military airplanes, except possibly the pursuit type, should 
have two complete and independent ignition systems. 

Engines larger than 140 hp. should have a booster system for 
starting on battery spark, if a starter is not provided. 

It is believed that our magnetos would have much longer life if 
a more suitable shock-absorbing device between the driving gear and 
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HUB 
Fig. 15- 



4 TIP 
-Stress in Propeller Blade at Point c (See Fig. 12) 
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RADIUS IN FEET 



the magneto shaft were provided. A magneto mounting should be 
machined so that the magneto shaft will be exactly in line with its 
driving shaft; dowel pins and dowel-pin holes to preserve this align- 
ment should be provided. No shims should be used here. We have 
had considerable trouble because of non-uniform and warped carbon 
brushes. 

Fvsl Supply 

Carbureters should be located in such a way that oil, water and im- 
purities cannot enter them. They should be supported from the engine 
and not from the frame work of the airplane. They should be sup- 
ported independently of the intake manifolds, if practicable. 

Gaskets for connections in intake manifolds should be as thin as 
practicable. Manifolds built of copper, brazed, or of steel, welded, are 
considered preferable to cast manifolds. Steel is considered prefer- 
able, but should, of course, be heat treated after welding. 
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It is urged that more study and care should be put into the design 
relating to shape and finish of the interior of intake manifolds 
and passages. It is believed, in this connection, that much greater 
efficiency can be obtained by attention to fluid flow. 

Cooling System 

Radiators should preferably be placed at the leading edge of the 
upper wing, the header being shaped so as to form part of this leading 
edge. If it is necessary to place the radiator between the engine and 
the propeller, the radiator should be circular. The radiator should be 
provided with a sufficient number of points of support to prevent 
deformation of the shell owing to shocks on landing. 

Care should be taken with the alignment of tubes at the connections 
in the water-circulating system. A ring reinforcement might be 
welded to a flanged end of the thin tubing and the face machined so as 
to make a good fit to the cylinder jacket. It is considered bad prac- 
tice to expand thin tubing. 



DISCUSSION 

F. W. Caldwell: — Perhaps the most troublesome stress encoun- 
tered with the 160-hp. engines on the Mexican Border is due to the 
pulsations of the engine. No torque curve is available for this engine, 
so that the stresses cannot be calculated exactly. 

The original drive of the propeller consisted of a hub having two 

plates keyed together with four splines and having eight ^-in. bolts 

space on a diameter of 6^ in. As a result the bearing area of 

these bolts would be 8 X % X 5 = 20 sq. in. The torque of the engine 

160 33,000 ,«^« ,, ^. ........ . IMOO 

is X *^^ = 1202 lb. ft. = 14,400 lb. in. fc " 



1400 ' 6.5 X 20 

111 lb. per sq. in., giving a factor of safety of about 40. 

Propellers equipped with this drive began to heat at the hub in a 
few minutes and after an hour or so were charred at the hub faces 
and bolt-holes, causing severe vibration, so that they were considered 
dangerous. 

There are 5600 pulsations per minute in this engine and a very 
small amount of motion between the metal flange and the wood soon 
heats the wood up to a point where it begins to char. In order to take 
care of these pulsations it was necessary to increase the diameter of 
the bolts to % and then to % in. At the same time a neat fit of the 
bolts must be secured in the metal flanges and a tight press fit of the 
bolts in the wooden hub. 

The %-in. studs and flange nut have 18 threads per inch, and an 
estimate of the compressive stress on the wood due to setting these 
up tight gives about 6000 lb. per sq. in. As a matter of fact 
the flanges can be drawn down into the wood, and it is necessary to 
keep the bolts set up all the time. I have seen cases where the flanges 
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had sunk in 3/16 in. To overcome this a flange 9% in. diameter is 
proposed. Excessively large flanges are undesirable, however, owing 
to the increased weight of the metal and wood. This is merely given 
as an instance of a stress which might not be foreseen. 

The pulsations of the engine are capable of causing vibration un- 
less the moment of inertia of the propeller is great enough to absorb 
the work of explosion without great speed variation. 




Fia. 16 — Inc?orrbct Design op Propeller 

A case of bending and torsion occurs in the type of propeller when 
the trailing edge is kept straight and the leading edge is curved, as 
shown in Fig. 16. It is evident from the sketches that the centrifugal 
force F on the outer portion of the propeller will exert a bending mo- 
ment, Fx on the section A-B. This is avoided in some designs by 
spacing the centers of gravity of the blade sections along a straight 
line through the axis. 

It is possible to design a propeller in which all portions of the blade 
will be subjected to tension only. This depends on the fact that the 
centrifugal force and the air pressure are both proportional to the 
square of the revolutions per minute. 

If the period of vibration of the propeller blade is synchronous 
with the period of the engine pulsations, this may cause vibration 
stresses in the propeller. These stresses cannot be estimated. 

When two propellers driven by chain from one engine are used it 
is ordinarily necessary to use a flywheel on the engine, so that addi- 
tional weight is added from this source. 
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THE ULTIMATE TYPE OF TRACTOR 
ENGINE 
By H. L. Horning 
(Member of Society) 

Abstract 

It is the purpose of the author to analyze some of the 
factors that have influenced tractor development. He reviews 
a number of factors on which the usefulness of tractors de- 
pends, showing what the farmer is interested in when buying 
tractors and how the design should be worked out to secure 
the greatest general efficiency. 

The paper then mentions certain general specifications 
that are required by tractor engines. The author finds that 
the conditions on about 90 per cent of all farms require a 
four-cylinder engine of between 16 and 40 hp., operating on 
the four-stroke cycle. The disadvantages of the two-cylinder 
horizontal-opposed engine are summarized. An empirical 
formula is given that can be used to calculate the most satis- 
factory operating speed of an engine. 

In concluding the paper a number of the most important 
general themes of design are outlined. Particular mention 
is made of the lubrication system and of the special pro- 
visions required for kerosene burning engines. 

INTRODUCTION 

It would be presumptuous for any man to attempt to prophesy 
the type of tractor engine, if any, which will ultimately survive, par- 
ticularly since the tractor industry is the youngest of all hopeful 
industries. So incomplete is the science of tractor farming, so 
limited is the development of the art that any man entitled to be 
called a tractor engineer can be called a pioneer. 

Tractors have passed through three distinct phases of develop- 
ment up to this time. 

First, steam threshing engines. These hardly could propel them- 
selves owing to the excessive weight per horsepower developed and 
could haui only the water and coal needed for a journey of a few 
miles. A large number are being used for threshing service. 

Second, steam tractors for threshing and plowing. As compared 
with the steam threshing engines these were much lighter per horse- 
power developed and could travel a longer distance on the fuel and 
water that they could carry. 

Third, the tractor equipped with internal-combustion engines, 
which is developing rapidly along the line of less weight per horse- 
power and toward the ideal of a drawbar pull equal to the weight of 
tractor under standard conditions. 

65 
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It is the object of this paper to analyze some •£ the factors that 
have influenced tractor development, with the hope that a statement 
of these will aid any thoughtful student of tractor engineering to 
form his own conclusion regarding the ultimate type of engine. 

CONDITIONS INFLUENCING DEVELOPMENT 

The old type of tractor was built with the belief that high trac- 
tive ability depended entirely on weight, a mistaken idea based on the 
supposition that road friction was the governing factor in a tractor's 
ability. This led to design of tractors whose weight was much greater 
than that of any other moving vehicle. Enormous engines were re- 
quired to propel these tractors, and many of them labored under the 
handicap of having only 20 per cent of the horsepower developed avail- 
able for traction in average soil, owing to the high tractive resistance 
and inefficient transmission mechanism. 

As the development goes on, the usefulness of the tractor becomes 
broader. The number of farmers who can afford them is increasing, 
because of the decreased price; they become more reliable and their 
possible applications are more numerous. The usefulness of tractors 
increases as: 

1 — Weight of tractor per horsepower developed decreases. 

2 — Weight of engine per horsepower decreases. 

3 — Transmission losses decrease. 

4 — Tractive ability of drive-wheel becomes greater. 

5 — The longitudinal center of gravity of tractor and the draw- 
bar hitch are more effectively placed. 

6 — Output of useful work in unit time divided by the initial cost 
increases. 

7 — Total cost per unit of work done decreases. 

8 — Price of tractor approaches the average income of farms that 
are suitable for tractor application. 

9 — Range of conditions under which the tractor can operate suc- 
cessfully broadens. 

10 — The number of things a tractor can do well on the farm in- 
creases. 

11 — Knowledge of the care and operation of its component parts 
becomes prevalent among farm users. 

12 — As the following questions regarding the tractor can be 
answered to the satisfaction of the farmer: 
a — How many plows can it handle? 
6 — How much does it cost? 
c — Will it burn kerosene? 
d — What else can it do besides plowing? 
e — How long can it last? 
/ — Is the engine the same type as in his car? 
g — Can he get repairs promptly? 

An analysis of these twelve factors would cover the entire art of 
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tractor engineering. We must, however, proceed with the discussion 
of those factors relating to the powerplant. 

ENGINE SPECIFICATIONS 

We will have defined a type of engine if we can establish general 
specifications that will make for tractor usefulness in the following 
respects: (a) range of horsepower for the tractors that can be used 
on the average f^rm; (6) most logical cycle for such service; (c) 
number of cylinders; (d) mean effective pressure required; («) fuel 
range; and (/) governor control. 

Horsepower Required 

It is generally conceded that all tractors satisfactory for plowing 
must have ability to pull not less than two plows on the average soil. 
At least 90 per cent of all farms can be worked with two to four-plow 
tractors, taking 10 hp. minimum and 20 hp. maximum at the draw- 
bar. Various power demands on the farm exceed 20 hp. and it is 
useful to have an engine delivering 30 hp. The tractor engine that will 
do most of this work does not exceed 36 b. hp. The re- 
maining 10 per cent of the farms will require between 35 and 70 
hp. We are chiefly interested in the ultimate engine for the 90 per 
cent and can therefore figVLre on engines of between 16 and 40 hp. 
In establishing these limits we must consider the increased tractor 
efficiency to be expected in the future and also the low efficiency in 
some larger types of tractors; we can do this by allowing 8 b. hp. 
per plow for the most efficient and 10 b. hp. for the least efficient 
construction. 

Available Cycles 

The brake horsepower desired from an engine has a profound 
influence on the cycle, since the area and design of the combustion 
chamber determine the power produced from any cycle. 

Undoubtedly the future holds much in store for the development 
of engines operating on the Diesel and semi-Diesel cycle, but it is 
doubtful if their weight can ever be decreased to such an extent that 
their greater efficiency will overcome the disadvantages of the de- 
creased traction efficiency due to their light weight. In the distant 
future, when there is a real shortage of the lighter fuels, it may be 
necessary for mankind to use an engine that will burn the heaviest oils. 

The two-stroke cycle engine with its simplicity seems ideal, but 
up to this time attempts to make a reliable and economical engine 
have failed. The complications resulting are far worse than those 
that the cycle attempts to correct. 

Other new cycles are being proposed from time to time, but every 
demand of successful tractor operation seems to be fulfilled by the 
four-stroke cycle engine. Not the least of its advantages is the 
intimate knowledge the farmer has of the cycle, resulting from his 
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experience with his automobile, stationary engine amd the gas tractor 
as built up to this time. 

The horsepower per cubic-inch displacement or the weight per 
horsepower cannot be improved by any other cycle, all other things 
taken into consideration. We must therefore consider that the four- 
cycle engine is and will be the most suitable for tractor service and 
will be the ultimate type. 

Number of Cylinders 

The indications are that there is a tendency toward four-cylinder 
engines. No doubt this tendency is strongly influenced by the preva- 
lence of that type on automobiles. The satisfaction it is giving in 
sizes between 16 and 40 hp. in automobile and tractor service is the 
influence that is making four cylinders the standard. Several suc- 
cessful tractors are equipped with two-cylinder horizontal-opposed en- 
gines; these have worked very ^ell, considering the difficulties in-- 
herent in their design. These can be summarized as follows: 

1 — The tendency for the shaft to revolve longitudinally in the 
plane of the crankpins due to centrifugal, inertia and gas forces. 
This tendency loosens the main bearings by throwing the shaft out 
of line. The crankpin bearings ride alternately on one side of the 
pin and then the other, causing damage and necessitating frequent 
adjustments and replacements. 

2 — Great weight of reciprocating parts compared with the brake 
horsepower, augmenting the difficulties enumerated under (1). 

3 — The high centrifugal forces as compared with the brake horse- 
power, resulting in effects as listed under (1). 

4 — Difficulty in cooling the large piston and valve heads necessary 
in obtained 20 hp. per cylinder. 

5 — Difficulty of maintaining a perfect mixture in the long intake 
header as well as the impossibility of attaining high volumetric effi- 
ciency with the high velocity necessary for maintenance of mixture 
quality. 

6 — Difficulty in lubricating all parts sufficiently without over- 
lubricating the cylinder. 

7 — ^The disadvantageous location of the valves. 

8 — Infrequency of impulse, the lack of balance and its influence 
on the transmission mechanism. 

. PRESSURES AND OPERATING SPEEDS 

The history of internal-combustion engines of all types and 
number of cylinders is a succession of efforts to increase both the 
working speed and mean effective pressure. Investigation of internal- 
combustion engines has developed an empirical formula (1) that gives 
the speed at which the average engine works most satisfactorily. 
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The formula takes into consideration the 
parts, efficiency of cooling and lubricating 
which inertia forces vary with speed. 



weight 
systems 



V 3,000,000 
0.04545 B* 



of reciprocating 
and the rate at 



(1) 



in which S is the most satisfactory working speed; the factor 
3,000,000 depends on the cooling and lubricating-system efficiencies 
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Fig. 1 — Relation of Cylinder Bore to Speed and Mean Effective Pressure 
S*!— Curve of past experience in speed; Sz—Qyxty^ of modern experience in 



speed; Mx — Curve of past experience in mean effective pressure; and Mr 
of modern experience in mean effective pressure. 



-Curve 



and on the general state of the art; B is the bore of the engine; and 
the expression 0.04545 B^ is an approximation for the average piston 
weights. 

In Fig. 1, Si shows the relation of working speeds and bore, while 
Mx is plotted between bore and allowable maximum brake mean effec- 
tive pressures taken at the speed of maximum torque. 

From past experience it is obvious that small bore engines are 
much better power producers because they are much favored in both 
the matter of speed and mean effective pressure. Inasmuch as four- 
cylinder engines capable of producing a maximum of 40 hp. can be 
equipped with small cylinders, it seems reasonable to feel that such 
an engine will be particularly well adapted for tractor service. 
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CombuationrChamber Ar,ea 

There is an important, though as yet undetermined, relation be- 
tween the combustion-chamber wall area and its volume; this relation 
is a governing factor in determining the compression at which an 
engine can run satisfactorily. Compression and volumetric efficiency 
determine the mean effective pressure and influence economy favor- 
ably. The larger ratio of wall surface to volume in small bore engines 
makes the problem of cooling easy in the four-cylinder type. Piston 
heads of diameters up to 5 in. are not difficult to cool. Valves up to 
2% in. clear diameter can be cooled satisfactorily, and inasmuch as 
20 hp. can be developed per inch of valve diameter at the speed 
indicated by Curve S„ Fig. 1, we have another evidence of the ad- 
vantage of the four-cylinder engine for tractor service. 

Performance Records 

Inertia forces, which vary roughly as the cube of the bore, have 
been found to be the principal cause of crankpin-bearing destruc- 
tion. Our experience with thousands of tractor engines strongly 
corroborates this statement. In fact we design engines understand- 
ing that they will operate, not at the speed set by the governor, but 
at a slower speed of higher torque caused by the load being always 
greater than the engine can handle at governed speed. 

With the cooling properly taken care of, the length of the period 
between adjustments is a function of lubrication efficiency and the 
total number of revolutions. Having built an engine that will 
cool properly our test is to see how many million revolutions the 
engine can run between major adjustments. All things considered 
no other engine of ours has yet equaled the performance of a four- 
cylinder engine, which in service has run 420,000,000 revolutions with 
four adjustments of the connecting-rods and three adjustments of 
main bearings, finishing in good shape with the original valves, pis- 
tons, rings, bearings and crankshaft. This no doubt has been dupli- 
cated by other four-cylinder engines. 

For the purpose of discussing four-cylinder, four-stroke cycle 
vertical engines from the standpoint of fuels other than high grade 
gasoline, it is necessary to revert for the moment to the question of 
combustion-chamber walls. Because of the readiness and lower 
temperature at which the lower grades of fuel crack into higher and 
lower hydrocarbons the necessity for better control of maximum 
cylinder-wall temperatures points toward a range of bore and wall- 
area ratio to volumes that will give the best results through the 
automatic thermostatic effect of mere combustion-chamber dimensions. 

Four-cylinder engines of either L-head or valve-in-head types ful- 
fill these conditions between the cylinder bore sizes of 3% to 5 in., 
which correspond to the range of 16 to 40-hp. sizes demanded for 
tractor service. Above 5-ln. bore engines tend to become "hot," and 
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the cylinder wall is favorable for vaporization due to conducted and 
radiated heat given off at the slower speeds; below 3% -in. bore wall 
temperatures are too low, but great turbulence due to higher speed 
of the smaller engine helps to overcome the lower wall-temperature 
effects. The cylinder walls for burning kerosene should be as hot as 
possible without danger of a local high temperature sufficient to crack 
any part of the fuel. This usually occurs near the exhaust valve. 

Selection of Bore 

The best bore from the standpoint of kerosene burning is difficult 
to ascertain. Experience shows that 4^ in. for L-head types seems 
to give the best results; a larger bore may give the best results for a 
valve-in-the-head type of cylinder. There is no more interesting 
problem in internal-combustion engineering than the influence of 
careful design on the bore, this establishing the most favorable num- 
ber of cylinders for burning fuels heavier than gasoline. 

In working out the combined intake and exhaust manifolds that 
vaporize the fuels in the mixture during its passage to the cylinder 
the convenient proximity of the intakes and exhausts makes the 
L-head and valve-in-head types of cylinders the most frequently used. 
Tractor engines operate at from 50-per cent to full load practically all 
the time and with comparatively small variation in speed. The four- 
cylinder four-stroke cycle engine is therefore easily applicable to burn- 
ing kerosene, inasmuch as so far as vaporization is concerned the only 
difficult condition to be met is that which occurs when the engine is 
throttled. 

Because of the narrower explosive-mixture range or air-to-fuel 
ratios, all of the above favorable factors combine to permit the prac- 
tical burning of kerosene more easily in the four-cylinder than in any 
other type. 

We have established an ultimate type of tractor engine when we 
say it shall be a four-cylinder four-stroke cycle vertical engine capable 
of delivering from 16 to 40 hp. continuously without showing distress 
at full or overload and of running at speeds varying between 750 
and 1230 r.p.m. according to the bore. This engine should run, under 
favorable conditions, 40,000,000 revolutions between crankpin-bearing 
adjustments, 80,000,000 revolutions between adjustments of main 
bearings and 43,000,000 revolutions between grindings of valves. 

IMPORTANT ELEMENTS OF DESIGN 

Having decided upon a definite type, it may be well to enumerate 
the general elements of design that need the most attention. 

1 — A careful layout of the combustion-chamber in order to secure 
a high uniform temperature of the walls; this means no pockets for 
steam in the jacket, and a correct direction of cooling- water flow. 
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2 — Valves arranged to secure favorable heat flow in the exhausts 
toward the water-jacketed seat and valve guide. 

3 — Pbton head cooled so as to keep temperature of its center below 
cracking point of fuel. 

4 — Efficient circulation of water about the spark-plugs. 

5 — Pistons and rods of light weight. 

6 — Piston and rings with clearance so as to secure high-temper- 
ature performance at medium speed. 

7 — Stiff crankshaft of material of high elastic limit to withstand 
abrasion with ample main and crank bearings, particularly center 
main bearing. 

8 — Lubrication system designed to convey extraneous heat of pis- 
tons, lower cylinder wall, crankcase bearing webs and sides into a 
sump in which cooling means can be provided to dissipate such heat. 
The lubrication should be such that if any part fails, auxiliary sys- 
tems are always at work to prevent sudden failure of bearings and 
great damage to the engines. The high bearing pressures and 
temperatures necessitate the use of medium and heavy oils. Breathers 
that prevent sand and dust from entering the engine should be used. 
When either the present gasoline or straight kerosene is burned, the 
increasing content of kerosene results in a rapid drop in viscosity. 
The oil should therefore be renewed frequently. 

9 — Crankcase is best in design that is the stiffest and dissipates 
heat the best. 

10 — Heavy flywheels to meet sudden peak loads and thus relieve 
the crankpin bearings of the most severe pounding that they receive. 

11 — Air cleaners should be used to remove the dust and sand from 
the entering air. 

12 — ^A self-contained governor of both the maximum and constant- 
speed type is important 

Requirements far Kerosene Burning 

13 — Provision for burning kerosene. This involves the following 
considerations : 

a — In tractor service when the load remains at over half the full 
value, kerosene gives reasonable satisfaction, provided properly pro- 
portioned combined intake and exhaust manifolds be used and the 
starting be made on gasoline. 

b — Under such conditions the loss in volumetric efficiency due to 
heating the intake charge results usually in a decrease of from 10 
to 20 per cent in the maximum horsepower output, whether gasoline 
or kerosene is used. 

c — When the engine speed increases, the necessity for heat in the 
intake is less, while when the speed decreases more heat is necessary 
in the intake. At full speed and power output, slight heating of intake 
will suffice. 
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d A properly designed combustion chamber, removing the ne- 
cessity of water injection, is required. 

6 — The principles of the science and art of burning kerosene, as 
indicated by my experience, are set forth in several papers by Doctor 
Charles E. Lucke, and the author testifies to the correctness of his 
conclusions. 

/ — A kerosene engine does not carbonize any more than does a 
gasoline engine; in fact, it stays cleaner than the gasoline engine if 
the fuel is only comparatively well vaporized. 

g — When kerosene is well vaporized so that the mixture reaching 
the cylinder is in a dry state, a kerosene engine with a correctly de- 
signed combustion chamber will not be heated so much as will a gaso- 
line engine. 

h — In burning any grade of fuel the carbureter meters and atom- 
izes the fuel; the manifold vaporizes the mixture; the combustion 
chamber burns it. Of all these the carbureter is the most nearly per- 
fect. The manifolds are next in efficiency. The engines in their pres- 
ent form are the least able to perform their functions in attempting to 
bum kerosene. The development therefore of kerosene-burning in en- 
gines of the prevalent types should start with the engine and end 
with the carbureter. 

AUTHOR'S CONCLUSION 

No doubt the greatest criticism of the four-stroke cycle engine is 
its low thermal efficiency. The future certainly has great things in 
store for the improvement of this cycle. Perfected systems of spray- 
ing the fuel under pressure may offer great opportunities for improve- 
ment in the four-stroke cycle as well as in the semi-Diesel type. 

The use of heavy fuels is bringing to the front the wonderful pos- 
sibilities of the newly-developed high-pressure steam boilers. The 
boiler has been the weak point in steam-driven vehicles but the 
'.modem high-pressure type, which delivers superheated steam at a 
pressure of from 800 to 1000 lb. per sq. in., taken together with the 
four-cylinder vertical single-acting poppet-valve type of uniflow en- 
gine is producing results in thermal efficiency that rival the average 
performance of the four-stroke cycle internal-combustion engine — par- 
ticularly when burning cheap oil. After all it is a serious matter to 
carry the fire box in the cylinder and also to keep the latter clean. 

DISCUSSION 

H. L. Horning: — We are all struggling for the existence of the 
race. An airplane has been the protection of one race of men against 
the other. The tractor, the most important part of which we are 
about to consider, has to do with the preservation of the race in this 
way: it will reduce the cost of living. It is therefore a fundamental 
thing in the life of the entire world. Nothing since the time that 
man discovered that a hook on the end of a stick dragged through 
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the ground would produce better crops or better living has been 
so wonderful in its possibilities as the tractor — simply because 
it must reduce the cost of living. It takes the produce of four 
acres of ground to keep a horse alive for a year. As the earth becomes 
populated the struggle of one man to exist at the expense of his 
fellow man becomes more intense; we must produce more from an 
acre, we must produce it more cheaply, we must conserve everything 
that can possibly be consumed by the human race, and we must do it 
by every possible means. Fundamentally speaking, the tractor is 
that means. 

The tractor engine is a work-horse, not a race-horse. It must 
work continuously, and in spite of the conditions under which it is 
operated. There is one difference between the conditions under which 
a tractor and an airplane engine operate. The airplane engine after 
about one hundred and twenty hours of service, is overhauled, or many 
adjustments are made. Fine mechanics are required in the field to 
look after the engines, which are groomed with the utmost care; this 
is necessary for the safety of life. 

The tractor engine has to work in spite of the conditions of dust 
and dirt and neglect surrounding it. One of the things that is helping 
to develop the use of the tractor is the fact that the farmer is becom- 
ing better acquainted with engines in general, particularly with the 
four-cylinder four-stroke cycle type. His ability to take care of his 
passenger car and his knowledge of the care of the engine will make 
wide use of the tractor possible. 

When a tractor engine goes wrong on the farm it is usually about 
four to forty miles away from a service station or an expert. When 
the tractor on the farm stops the entire plant stops because during 
the day the most important thing for the farmer to do is the job 
on which the tractor is engaged. The tractor must keep going. 

It was proposed some time ago that a self -lubricating packing be 
used in the water pump. This was so satisfactory that we could do; 
away with the grease-cup. After an investigation we found that 
grease was actually detrimental to the packing. But instead of using 
it and thus solving the problem of lubrication of the pump, we dis- 
carded the packing for the simple reason that if we put it in without 
the grease-cup it would wear out some day; the farmer could not 
get one like it quickly enough and he would take an old rag, a piece 
of string or binder cord, and pack the gland and go ahead. 

We understand that V-belts are good for driving fans. We would 
like very much to use V-belts, because they are more efficient. But 
we cannot do it because if the V-belt should go wrong the farmer 
could not get another one. In the country nobody knows what a 
V-belt is. We have to use a wide flat belt, so that if anything happens 
the farmer can take a piece of harness and keep the fan going. 

A number of mail-order houses sell oils of various characteristics 
and the farmer is apt to have such oils. For instance, he will have 
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a light oil that runs as freely as water for his Ford car, and he 
always tries to use it in his tractor engine. The tractor engine can- 
not run long when a light oil is used. We have to construct engines 
that will run in spite of the quality of the oil or the infrequency 
of its renewal. When kerosene is used and the tractor is run slowly, 
the kerosene condenses and runs down the surface of the cylinder 
wall and reduces the viscosity of the oil in the crankcase. The result 
is that in about two or three days after the oil is put in, its viscosity 

is so low that it has little lubricating value. 

• 

Take a piston on a tractor engine that has been running for say 
eight or nine months; it is frequently the case that if the rings and 
piston are placed separately on the table any one can tell which ring 
goes into each groove, for this reason: the viscosity of the oil is so 
low that by the time it gets to the top of the piston it has lost its 
lubricating value, and the top ring wears off three times as fast 
as the bottom ring. In three days we have seen piston grooves 
wear sideways 1/32 in. Parts of the rings have worn so thin that 
they broke off and dropped between the piston and the cylinder 
into the crankcase. This happened in Kansas after two days' service 
dragging the soil at 106 in the shade. 

A large part of this wear is due to the sand that goes in through 
the carbureter. One of the necessities of efficient tractor work is to 
keep the sand and dust out of the engine. The difficulties of internal 
combustion engine operation under tractor conditions are summed up 
by saying, "After all it is a serious matter to carry the firebox 
in the cylinder and also keep it clean." 

One of the places where the dirt gets is in the crankcase breather. 
The average tractor while working is encircled in a cloud of dust. 
Sometimes the engines are placed favorably in respect to dust and 
sometimes very unfavorably. It is not unusual for half an inch 
of dirt and dust to be taken from the bottom of a crankcase. 

There are a number of ways to protect the engine from dust. A 
dust remover can be used. There are some of these on the market. 
The best removes 98 to 99 per cent of the dust in the air by centrifugal 
action. Another way is by means of a breather, which is a check valve 
allowing crankcase compression to escape but no air to enter. An- 
other help is to provide a sump in the crankcase so that any dirt or 
oil or particles from a cylinder that has worn can drop down into 
this pocket and be separated from the useful oil. 

An engine in tractor service usually has its speed determined by 
the farmer. The engine builder can determine the governed speed 
of the engine and the governor can be set for that speed. But the 
farmer drops his plows into the soil and his governor opens the throttle 
so that finally the engine is producing the highest torque possible 
at that speed. The average farmer has sunk his plows too deep 
for the engine to work under such conditions, and the result is that 
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the engine slows down to a slower speed and greater torque. Finally 
a speed is reached at which the maximum torque is just equal to the 
demands of the plow. That speed may be too slow for the farmer, 
so he pulls up his plows; then his machine jumps away and he obtains 
a little higher engine speed with less torque. 

This is the typical way the engines are run by farmers. The 
governor merely takes control of the engine when the load is light, 
not when it gets heavy. This is real service for an internal combus- 
tion engine for it is operating at a speed slightly hi|her than the speed 
of maximum torque. At this speed engines heat severely. The prob- 
lem then is the cooling of the parts. 
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One of the most difficult things we encountered when we started 
to design tractor engines was the combustion chamber. Whenever 
we attempt to design an engine for tractor purposes we strive for 
one thing: a proper combustion chamber. The greatest difficulties 
standing in the way of a proper combustion chamber are the numer- 
ous pockets and solid chunks that enter from the outside. The center 
of the piston head, the center of the valve, and the spark-plugs are 
all difficult spots to cool. 

We found at first it was difficult to maintain a mean effective 
pressure of 84 lb. per sq. in. continuously, month in and month 
out. A few years ago more engines were running at 67 lb. m.e.p. than 
at anywhere near 80 lb. The only way in which we succeeded in get- 
ting a higher mean effective pressure was by changing the combustion- 
chamber design so that the water flowed past the exhaust ports, and 
that some of the cooling water flowed by the spark-plugs. 

A great deal of difficulty would be experienced in keeping cool a 
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spark-plug, as in Fig. 2b, for the reason that the water-jacket is so 
narrow that the natural flow could not occur. Likewise, if there 
was a depression in the outside, Fig. 2c, which is common in many 
engines, an attempt to put it in, as in Fig. 2a, would cause a great 
deal of difficulty, because there is a hot spot, or the place from which 
the heat must be carried away. The only way of effectively taking 
care of it is to see that the spark-plug is at the top of the system, so 
the water will flow up and flow away, Fig. 2e, the combustion chamber 
at the lower end. Our spark-plug troubles stopped at once when we 
adopted this system. Likewise we find in the combustion-chamber 
design. Fig. 2d, that it is necessary to get the wall well away from 
the valve, so as to give the valves a higher capacity. Too many en- 
gines are built with the valve edge and the cylinder wall in close 
proximity. 

We also found that it was of great advantage to put the spark- 
plug in a position so that the intake gases wash it. That keeps it 
up into a pocket somewhat away from the exhaust. We have found 
it advantageous to have the bottom of the spark-plug a little bit back, 
Fig. 2e, so as not to be swept too much by the exhaust charges. 

The piston is difficult to cool, and its diameter is the limiting 
factor in the size of the engine. The difficulty of getting the heat 
over to the edge is so great that we have to use fins on the inside 
of the piston, these being cooled by the splash of the lubricating oil. 
Oil splashes up in the head, gathers heat, goes down to the cr&nk- 
case and splashes up again, and that action goes on repeatedly. 

We found that four-fifths of the difficulty in cooling the water 
has been due to the exhaust valve. We do not pay any attention to the 
rest of the cylinder except to see that one opening is made that will 
insure the current of cool water coming by the spark-plug. We also 
make sure that no large chunk of metal, Fig. 2f, projects into the 
combustion chamber, so that a hot spot can be produced. 

It would seem that inasmuch as the heat is given to the exhaust 
valve. Fig. 2g, by the charge flowing past the seat, that the outside 
of the valve would be the hottest, and therefore the heat flow might 
be toward the stem and down the stem to the gn^ides. That is only 
partly true, A valve operating under very severe conditions attains a 
cherry-red temperature. The rim, including the seat and a space 
% in. wide of a well cooled valve is cold, but the center part is hot. 
A certain amount of heat is taken down the stem and we find it de- 
sirable to see that the heat is brought down to the valve gn^ide and 
hence to the water jacket. The valve guide is brought up as close as 
possible without compromising the effective gas passage. 

Perhaps the most important feature is the width of the exhaust- 
valve seat. If the seat is too narrow it will not cool ; the zone of highly 
heated valve center will spread out if the valve is too narrow at the 
seat. If it is wide it will cool back one-half an inch or so; the center 
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of the valve will be hot and the rim will be cold. This condition is 
what is wanted. On the other hand, if with a wide seat the exhaust 
valve is relatively cool the chance of catching carbon on the seat 
is greater. On a 2-in. valve we have found that between % and 
3/16-in. gives the proper width. If we could use a 1/16 or 3/32-in. 
the valve would be better sealed, but it would not last as long, owing 
to warping and burning. 

Kerosene is a mean thing to get into the cylinder, both because it 
persists in cutting down the oil film, oil sticking to the cylinder walls 
and spoiling the crankcase, and because the thermal range over which 
it can be burnt is very small. Experience has shown that when a 
charge of kerosene strikes a spot in the cylinder at a temperature of 
above 350 deg. F., that is, beyond the cracking point, it will break up 
into other constituents. Cracking is exactly what is seen every day in 
the exhaust as it goes out, a sort of white, steamy appearing smoke 
of incomplete combustion, accompanied by particularly disagreeable 
odors. 

As soon as cracking occurs in the cylinder the mixture cannot 
burn properly, because all the proportions have changed. The hydro- 
carbons produced by the cracking process are different from those 
in the kerosene intended to be burnt with any particular setting 
of the carbureter. The average temperature of the combustion 
chamber must therefore be high and the maximum as near the aver- 
age as possible. A high average temperature is desirable in that it 
will vaporize the kerosene globules as they come in; a low maximum 
is necessary to prevent cracking of the fuel. 

Kerosene is not a bad fuel if such conditions are observed. We find 
that if the kerosene is well carbureted and vaporized we can bum 
it without depositing carbon in the cylinder. As a matter of fact 
one way of removing carbon from a cylinder is to put a charge of 
kerosene in, run the engine for a time and then clean it out. When 
the kerosene is vaporized imperfectly the constituents of high atomic 
weights fail to vaporize thoroughly; also perfect combustion is not 
obtained and the crankcase oil is diluted. 

In the manifold lies a solution of the problem of making a correct 
mixture of the metered fuel and air. The mixture is merely atomize<> 
as it enters the manifold, but its proper vaporization depends on 
proper manifold design and the application of heat. The tendency of 
engine builders to-day is to get more power from their engines, and 
naturally this calls for an increase in diameter of the intake manifold. 
In kerosene engines it is necessary to decrease the area of the intake 
as much as possible, so as to keep up the velocity of the charge, and 
then at suitable points, preferably at the bends, heat spots of the 
manifold so as to vaporize the liquid fuel as it is drawn from the 
stream of gas. Herein lies an effective solution of the problem of burn- 
ing kerosene. Because of running at full load kerosene burning iB com- 
paratively easy in tractor service. 
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The method by which kerosene can be burned in truck engines is 
by heating the intake charge a maximum amount at low speed and 
reducing the amount of heat at high speeds and heavy loads. When 
the engine is run at high speeds and heavy loads the throttle is open 
and the velocity is such that it whips the mixture so that it is properly 
vaporized. But at low speeds the mixture is so sluggish that the 
tendency is to drop the fuel. By having the very hottest manifold 
heating at low speeds and the least heating at high speed, the aver- 
age gasoline engine can be run on kerosene. 

The development of the engine as it has occurred in the last three 
or four years has allowed the speeds to increase and also has allowed 
an increase in the mean effective pressures by having better combus- 
tion-chamber design. The result is that we get more power from 
our engines. This is the direction in which progress is coming in 
tractor engines. As a matter of fact, the study of this indicates 
that the small engine has in it the possibilities of developing sufficient 
power to do almost all farm work. In other words, this great problem 
of plowing our soil and reaping our crops will be done by a small 
engine, simply because we must progress along the line of higher 
speed and higher mean effective pressure. The result therefore will 
be that the small bore engine of the four-cylinder type will probably 
do most of the farm work of the future. 

Tractor engines must be of light weight, because we must develop 
a high drawbar pull compared with the weight of the tractor. We 
must depend not on the tractor or on the character of the traction 
wheels, but on the placing of the weight of the engine at such a point 
on the tractor that it will produce the maximum tractive effort. 

D. P. Davies: — Mr. Homing's paper is exactly in line with the 
experience that we have had in building tractors and tractor engines. 
I believe that dust is the greatest factor in shortening the life of 
tractor engines. I spent two months this past fall in the South- 
west and the conditions there are bad in this respect. I have seen 
tractors that could plow only about forty acres, and on removing 
the pistons most of the piston rings were gone entirely. 

Much educational work must be done to make the farmer realize 
the necessity of proper lubrication of his engine. I have seen farmers 
use linseed oil in the crankcase of an engine and expect to get good 
service. Most manufacturers recommend an oil for the farmer to use. 
But when he inquires for the brand of oil recommended, the local 
dealer cannot furnish it and says, "Here, I have something that will 
answer the purpose; it is every bit as good." But it is not. I believe 
the tractor engines and the tractors themselves are all right at the 
present time, but that we must educate the farmer how best to take 
care of them. 

In the last two years we have tried seventy-five to eifehty different 
classes of carbureters for utilizing kerosene. For some of them 
great claims wer^ made, but in every instance we found that we 
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secured just as good results by using any type of good gasoline 
carbureter that is on the market and vaporizing the kerosene fuel in 
a vaporizer heated by the exhaust. 

More or less kerosene will pass by the pistons and get into the 
crankcase. Only a short time ago I conducted a test on a 4^ by 6-in. 
four-cylinder four-stroke cycle tractor engine, operating at 900 r.p.m. 
and driving a load of about 22 hp. continuously every day for ten 
hours; at the end of six days the lubricating oil was taken out of the 
crankcase and we found that about 9 per cent was kerosene. This 
is not the worst condition under which that engine could have 
operated. More kerosene would be found in the crankcase if the 
engine had been operated under intermittent load. Our experience 
has been exactly the same as was Mr. Homing's with the different 
parts that have to be given special attention as to cooling. 

Henri G. Chatain: — When the various functions that influence 
fuel efliciency, such as the lubricating system and the rate at which 
inertia force varies with the speed are considered, it is difficult to 
imagine just how Mr. Horning obtained the formula for speed. 

I disagree with the curve Sa resulting from the formula, as being 
too high for the service that Mr. Horning is speaking about; that is, 
nearly continuous load on the engine. The curve approximates auto- 
mobile practice. The 4-in. bore engine is running at something over 
1000 r.p.m.; in fact, a little higher than that prevalent in automobile 
practice. 

H. L. Horning: — The Si curve was obtained by taking the total 
experience that we could gather, plotting such ^ data and getting the 
average curve of everything that we could possibly find stated; we 
then found that the Si curve was represented by that formula. The 
formula may be open to criticism from the standpoint of pure mathe- 
matics but we have found that as the piston weights increase the time 
between adjustments of connecting-rod bearings decreases. It is this 
factor that determines to a great extent the speed at which an engine 
can be run. 

This formula is not derived from a mathematical basis but is a 
merely empirical formula, so that the curve Si is merely plotted from 
data that have been found satisfactory. The formula of S2 will vary 
somewhat from the formula of Su 

The inertia and the centrifugal forces vary directly as the square 
of the speed. If at 1000 r.p.m. the inertia forces developed were repre- 
sented by 100, then at 800 r.p.m. the inertia forces would drop down 
to 64. If the design of the engine was such that the critical point 
was around 75, then the life of the engine would be increased by 
running it at 800 and keeping it under that critical point. The factor 
3,000,000 varies with the ability of the designer to cool and lubricate 
the engine properly. 

The average automobile engine with a 4-in. bore would run at 
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about 750 r.p.m. The average truck engine would run at a little 
bit over 800 r.p.m. and the average tractor engine of that bore would 
run- according to curve St, But the tractor engine is asked to run 
at highest speed, because of the insistent demand for great power. 

An 84-lb. m.e.p. is difficult to maintain in the average engine. We 
have run a tractor engine with a 4^ -in. bore twenty-four hours a day 
at 1600 r.p.m. with full loads; the engine required no adjustment of 
the bearings, the valves and the spark-plug points came through in 
excellent condition. That was attained because the combustion 
chamber design was improved and also because closer attention was 
paid to the cooling of the exhaust manifold. We were able to run this 
engine by proper combustion-chamber design with 102 lb. per. sq. in. 
m.e.p. at a speed of maximum torque without pounding. 

The engrine performance was the average performance of a car 
going up the stiffest g^rade that it possibly could at 45 m.p.h. for a 
distance the equivalent to 42,000 miles, without an adjustment 
This was attained in a laboratory run. The conditions were harder 
during that test than they would be in the tractor for the reason 
that the engine was running at 1600 and fn the tractor it would 
probably be running at 900 r.p.m., according to the formula. The 
lower crankcase had no chance to cool. 

At high outputs and high working stresses the average exhaust 
manifold expands and pulls the cylinders out of line. The result 
was that we had to place ribs on the exhaust manifold to bring this 
temperature down to somewhere near that of the room in order to 
keep the cylinders in line; by doing thaf and keeping the combustion 
chamber cool we were able to run at these speeds. 

The only way to test a tractor engine is to prevent the currents 
of air from striking the lower crankcase, which in the tractor engine 
is a most important part. The lower crankcase so designed as not 
to dissipate a great amount of heat will not be a success in a tractor 
engine, any more than will any engine that has no way of dissipating 
heat from its bearings. If the engine is so designed that it cannot 
convey heat away from the bearings it would be just as well not to 
have them. 

M. A. Smith: — Mr. Horning has described the trouble paused by 
kerosene collected in the crankcase. The refiners of high grade 
lubricating oils can g^ive assurance that lubricating oil does not 
"crack" or give off light oil (gasoline or kerosene) when circulating 
through the engine or when in the crankcase. All kerosene collected 
in the lubricating oil comes down from the combustion chamber. 
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HEAT-BALANCE TESTS OF AUTOMOBILE 

ENGINES 
By Prof. Walter T. Fishleigh and W. E. Lay 
(Member of the Society) (Enrolled Student) 

Abstract 
The authors outline some of the problems that confront 
the automobile engineer today, showing how the demand 
for better performance and economy and the ever-increasing 
cost of volatile fuels has emphasized the necessity for 
thorough engineering work in the successful automobile 
manufacturing plant. Believing that the accurate analysis 
of the heat distribution in a modern automobile engine will 
be of great value, the authors describe a comprehensive test, 
made under their direction, of such an engine. 

This test includes measurements of the brake horsepower, 
friction horsepower, fuel consumption and heat losses to 
jackets, exhaust and cooling air. The engine tested was 
inclosed in a hood, similar to that used on the car in normal 
service and an air blast was directed through this hood at 
speeds approximating those at which the engine would drive 
a car with a given gear ratio. 

The authors analyze the results of the test, emphasizing 
the small percentage of the total heat supplied that is con- 
verted into useful work, especially at the light loads. This 
fact is made the basis for conclusions that suggest a con- 
sideration of means for decreasing heat losses. The possible 
application of Diesel and other constant-pressure cycles is 
mentioned, as are also certain modifications in the Otto cycle. 
Automobile engineering, ui the last five years, has assumed new 
and far-reaching significance. The development and improvement of 
the self-propelled vehicle has been so rapid that it is somewhat diffi- 
cult to trace the relationship of the powerful and luxurious multi- 
cylinder touring car of to-day to that temperamental single-cylinder 
"jump-about," its cousin of only a decade ago. The day has passed in 
which a machine was judged successful if it would run a good deal 
of the time. The day has passed in which there was a market for 
automobiles to a public that had not by experience and study been 
educated up to the merits and possibilities of the different types of 
automobile units and therefore of the completed whole. The day has 
passed in which the automobile manufacturer, engineer or salesman 
need concern himself little with such irritable topics as thermal effi- 
ciency, fuel economy, reliability and performance. The problems con- 
fronting the automobile engineer to-day are very different from those 
he had to solve a few years ago; they are more advanced, more com- 
prehensive, more technical. The success of the eight and the twelve, 
the tremendous improvements in high-speed fours and light sixes, 
the advent of the so-called magnetic drive, the continued improve- 
ment of one steam car and the recent introduction of a second, the de- 
velopments in air-cooled designs for automobile engines, as well as 
for airplane work — all these have been possible because of the success- 
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ful solution by engineers of problems, which a decade ago were un- 
heard of in connection with automobile development. The engineer- 
ing department has become increasingly more important and more 
necessary to the successful automobile manufacturing plant. 
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BRAKE HORSEPOWER DEVELOPED 



Fig. 1- 



-ReSULTS prom HBAT-BAIiANCJB TSSTS OP ENGINE AT 640 R.P.M. 

(Car Spbbd, 18 m.p.h.) 



In the general development, it is only natural that the powerplant 
should have been given special attention. At present the generally 
favored type of powerplant for the automobile is the water-cooled 
multicylinder four-stroke cycle poppet-valve internal-combustion gaso- 
line engine, yet there are other great possibilities. The more we 
study the characteristics of the present type and the more we inquire 
into the reasons for its manufacturing ''status quo»" the more we are 
convinced that sweeping improvements in design must come or the 
type be changed altogether. It is an open secret that questions of im- 
proved and less wasteful cooling, of changed valve construction with 
resultant improved combustion-chamber shape as well as increased 
volumetric efficiency, of decrease or utilization of the energy regularly 
lost in the exhaust, are being given careful consideration both by auto- 
mobile and airplane engineers. 

The high cost and poor grade of gasoline have had their share in 
hastening open discussion of the operating characteristics of the 
present type of engine. Study has been made of the Diesel engine 
and its adaptability to the automobile ; valuable discussion and papers 
have been had relative to the possibilities of the constant-pressure 
cycle; improvements in the steam engine with kerosene burner have 
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renewed consideration of the advantages and disadvantages of this 
type of powerplant; improvement in electric cars with increase in 
operating range has been steady and promising. At no time in the 
history of the automobile industry have engineers given more careful, 
more comprehensive and more scientific study to the prevalent Otto 
cycle and its adaptation to automobile engines. At no time has this 
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DRAKE HORSEPOWER DEVELOPED 



Fia. 2 — Results from Heat- Balance Tests of Bnqinb at 1000 r.p.m. 
(Car Speed. 28 m.p.h.) 



study been more unbiased or more critical in the search for improve- 
ments, changes or perhaps radical departures from prevailing types. 

OBJECT OF HEAT-BALANCE TESTS 

Believing that accurate experimental analyses of the energy dis- 
tribution in typical present-day engines would be of particular value, 
the heat-balance tests, which are the subject of this paper, were un- 
dertaken in the automobile laboratory at the University of Michigan. 
It is hoped the data presented will be valuable; first, as a definite 
analysis of a particular typical engine; and second, as a stimulus to 
thought and consideration of improvements in this type or the in- 
vention or adaptation of superior types. 

The tests covered by this paper were conducted by advance stu- 
dents in automobile engineering, and in preparation and conduct ex- 
tended over ten months. Great care was exercised in set-up and 
procedure and no pains spared in an effort to get reliable and authori- 
tative data. The remarkable accuracy of the heat-balance check is a 
tribute to the enthusiasm and patience of the operating squads. The 
engine used was of the six cylinder, L-head type, with 4% by 5^ -in. 



Digitized by 



GooQle 



HEAt-BALANCE TESTS 



85 



cylinders cast in triplets, recirculating splash lubrication, and forced 
water cooling. It was thus typical of the medium-speed medium-size 
six. The curves in Fig. 7 for engine torque, maximum brake horse- 
power and friction horsepower were obtained in runs made follow- 
ing the heat-balance test. Plans are already under way for con- 
tinuing this line of research work, firstt upon an air-cooled six-cylinder 
engine, then upon a typical high speed water-cooled light six. 




15 20 25 30 

BRAKE HORSEPOWER DEVELOPED 



Pio. 3 — Results from Heat-Balance Tests op Engine at 1350 r.p.m. 
(Car Speed, 89 m.p.h.) 



As will be clear from the curves (Figs. 1 to 6) runs were made at 
640, 1000 and 1350 r.p.m., which represent average operating speeds 
of the engine, and which for one of the prominent makes of cars in 
which this particular engine is used, correspond to car road-speeds 
of about 18, 28 and 39 m.p.h. At each speed, runs were made with 
the engine developing various horsepowers, which cover the normal 
operating range. Referring to Fig. 1, for example, at an engine speed 
of 640 r.p.m. corresponding to a car speed of 18 m.p.h., runs were 
made developing 5, 10, 15 and 20 hp. (The maximum output at this 
speed was about 25 hp., as is evident from Fig. 7.) Curves were 
plotted at each load, using "percentage of heat energy" as ordinates 
and "brake horsepower developed" as abscissas. Thus in Fig. 1, at 
10-hp. output, 13.5 per cent of the heat energy of the gasoline ap- 
peared as brake horsepower, 40.1 was lost in the cooling water, 20.3 
was lost in the cooling air, 22.2 went into the exhaust, and 3.8 
per cent is unaccounted for, that is, can be charged to experimental 
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limitations. The ordinate lengths between the various curves give at 
once the percentage of heat energy that appears in brake horsepower, 
cooling water, etc. as indicated at the right, and the relative variation 
in these ordinates graphically indicates the variation in any par- 
ticular item at the various outputs. When it is considered that the 
heat energy in the exhaust, cooling air, cooling water and in brake 
horsepower was actually measured and the sum checked against 
the total heat supplied by the fuel, the small percentages ''unac- 
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BRAKE HORSEPOWER DEVELOPED 

Pig. 4 — Efficiencies and Fuel Consumption of Engine 
AT 640 R.P.M. (Car Speed, 18 m.p.h.) 

counted for" are indeed remarkable. The plus values unaccounted 
for at 1350 r.p.m. are clearly in error and have given the authors 
some concern. The entire series of runs at this speed was repeated 
with special care and precautions, resulting in the secondary points 
shown. 

Estimates for the horsepower required to overcome road and 
air resistance under favorable conditions for the car in question gave 
5 at 18 m.p.h., 9.5 at 28 m.p.h. and 17 at 39 m.p.h. A fair estimate 
of the efficiency of power transmission through the gear box, differ- 
ential, rear axle and tires including slippage would give 80 per cent 
at 18 m.p.h., 75 per cent at 28 m.p.h. and 70 per cent at 39 m.p.h. 
Upon this basis it is dear that, in order to propel the car under 
average favorable conditions on the road, the engine would have to 
develop 6.25 hp. at 18 m.p.h., 12.7 hp. at 28 m.p.h. and 24.3 hp. at 
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39 m.p.h. The dash lines at the left, Figs. 1 to 6, are drawn at 
at these points and indicate therefore the lower limit of the engine 
power range on direct drive, the upper limit being manifestly the 
maximum output of the engine. 

Figs. 4, 5 and 6 give at once pounds fuel used per brake horse- 
power per hour, thermal efficiency and mechanical efficiency at the 
three speeds. 



,_no 




15 20 25 30 

brake horsepower, developed 

Fig. 5 — Efficiencies and Fuel Consumption of Engine at 1000 r.p.m. 
(Car Speed, 28 m.p.h.) 

Fig. 7 presents torque, brake horsepower, and friction horsepower 
curves for this engine obtained in runs taken following the heat- 
balance tests. 

DISCUSSION OF CURVES 

Study of the heat-balance curves in Figs. 1, 2 and 3 discloses the 
following: 

1. The heat energy that goes into brake horsepower, or in other 
words into performing useful external work, ranges from 8.6 to 19.0 
per cent. It increases at any one speed as the load is increased. For 
a given load it increases as the speed is decreased, at 20 hp., for 
example, the figures reading 19.0 per cent at 640 r.p.m., 13.7 per cent 
at 1000 r.p.m. and 12.2 per cent at 1350 r.p.m. The highest value 
(19.0 per cent) is found for the greatest load taken at the lowest 
speed. At 6.25-hp. output, which estimates of road and air resist- 
ance show is required on good level road for propelling the car at 
18 m.p.h., the part of the heat appearing as bralce horsepower or the 
thermal efficiency of the engine based upon brake horsepower is 10 
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per cent. Interpreting^ this figure in another way, it means that when 
an owner buys a dollar's worth of gasoline and uses it in his engine, 
he develops at the flywheel and delivers to the transmission box just 
10 cents' worth of power. Where the other 90 cents goes is indicated 
by the other relatively long ordinates on the curves. 

2. Heat loss to the cooling water was practically constant at 640 




15 20 Z5 30 

BRAKE H0RSEPOWER,DEVEL0PED 

Fig. 6 — EItficibncies and Fuel Consumption op Engine at 1350 R.P.M. 
(Car Speed« 39 m.p.h.) 



r.p.m. and was about 40 per cent. At the two higher speeds, it de- 
creased with increased output. For a given brake horsepower de- 
veloped, the loss to cooling water was greater the lower the speed, the 
figures for 20 hp. being 40.6 per cent at 640 r.p.m.; 30.9 per cent at 
1000 r.p.m. and 29.0 per cent at 1350 r.p.m. The average per- 
centage heat loss to cooling water over the complete operating range 
decreases to a marked degree with increased speed. Interpreting the 
results of Fig. 1 on the dollar and cents basis again, when an owner 
buys a dollar's worth of gasoline and uses it in driving his car at 
18 m.p.h., he loses 40 cents' worth of the heat energy of the gasoline 
in or by way of the cooling-water system. 

3. The percentage of heat dissipated to the cooling air appears 
variable at 640 r.p.m. ; at 1000 and 1350 r.p.m. there is evident a slight 
decrease with increased output. In general the loss is greater at 
640 and 1350 r.p.m. than at 1000 r.p.m., the figures for 20 hp. being 
19.2 per cent at 640, 16.5 per cent at 1000 and 25.6 per cent at 1350 
r.p.m. The combined loss to cooling air and cooling water runs a9 
high as 67.7 per cent at 640 r.p.m. at 5-hp. output 
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4. The heat loss in the exhaust at 640 r.p.m. varied regularly 
from 26.6 at low output to 18.6 per cent at 20 hp. At the two higher 
speeds it was relatively much larger with slight increase in output. 
At 1350 r.p.m. a maximum loss of 43.3 per cent was found when the 
engine was developing from 30 to 40 hp. 

In general, it may be observed that the heat loss to the cooling 
water is relatively large at low speed, being nearly equal to losses 
from exhaust and cooling air, and relatively low at high speed, 
when it was somewhat larger than the cooling-air loss alone. Exhaust- 
gas losses were quite the contrary, being relatively small at 640 r.p.m., 
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Pig. 7 — Characteristic Curves for Six-Cylinder 4% by 5% -In. Enqina 
Used to Obtain Results Plotted in Fiqs. 1 to 6 



at which they approximate the cooling-air loss, but very large at 1350 
r.p.m., where they approximated the sum of cooling-water and cooling- 
air losses. Cooling-air losses in these tests were larger at 640 and 1350 
than at 1000 r.p.m., although the maximum range was only from 13.8 
to 27.4 per cent. At any speed, the heat energy effective as brake horse- 
power is a very small proportion of the total. At any speed, the 
amount effective as brake horsepower is low under favorable driving 
conditions, as indicated by the vertical dash lines, improving regu- 
larly as horsepower output is increased. At maximum output, a 
condition seldom met with in automobile operation and a condition un- 
der which efficiency is of minimum importance, the best efficiency is 
found. 
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FUEL CONSUMPTION AND EFFICIENCY 

Results that appear from consideration of Figs. 4, 5 and 6 are of 
great significance: 

1. The fuel consumption per brake horsepower per hour at any 
speed was markedly high at low horsepower output, and decreased 
steadily as maximum output at any speed was approached. Thermal 
efficiency correspondingly increased at any speed as the output in- 
creased. In other words, over the normal operating range, which 
would extend from the vertical dash-line lower limit to an output 
from 5 to 10 hp. higher, fuel consumption per brake horsepower per 
hour is high and thermal efficiency correspondingly low. Under maxi- 
mum output conditions, the infrequent and unimportant automobile- 
operating range, fuel consumption is relatively low and thermal effi- 
ciency relatively high. For a given brake horsepower developed, the 
fuel consumed per brake horsepower per hour increases at increased 
speed, the consumption for 20 hp., for example, being 0.67 lb. per b.hp. 
per hour at 640 r.p.m., 0.93 lb. at 1000 r.p.m. and 1.05 lb. at 1350 r.p.m. 

2. Mechanical efficiency at any speed improves with increased 
load. For a given load, mechanical efficiency is better at low speeds, 
the figure for 20 hp. being 85 per cent at 640 r.p.m., 72 at 1000 r.p.m. 
and 62 at 1350 r.p.m. 

TEST RESULTS FOR ONE RUN 

The complete data for Run No. 117, in which the engine developed 
20 hp. at 1000 r.p.m. (corresponding to car speed of 28 m.p.h.) are 
given in Tables I to IV. The gasoline used contained 19,800 B.t.u. 
per lb. Its specific gravity was 0.74 and the Baume reading was 58.8 
deg. The gasoline temperature was 69.0 deg. F. 

The air conditions were: barometer, 29.06 in. Hg.; humidity, 47 
per cent; wet thermometer, 60.0 deg. F.; and dry thermometer, 73.0 
deg. F. 

The mechanical efficiency (71.7 per cent) will be the brake horse- 
power divided by the sum of the friction and brake horsepower, or 
19.85 -4- 27.68 = 0.717. 

The complete heat balance for Run No. 117 as shown by the tables 
is as follows: 

B.t.u. Per cent 

Input 368,000 100.00 

Output (b.hp.) 50,560 13.74 

Cooling water 113,750 30.90 

Cooling air 60,600 16.47 

Exhaust 139,632 37.94 

Total 364,542 99.05 

Heat unaccounted for 0.95 
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The results calculated from Tables I to IV are as follows: 

Horsepower Output: 

Brake horsepower 19.85 

British thermal units per hour corresponding to brake 
horsepower 50,560 

Cooling Water: 

Temperature difference (Fo-Fi) deg. F 18.34 

Heat content, B.t.u. per hour 113,750 

Carbureter Air: 

Head, inches of water 0.774 

Flow, cu. ft. per min 43.0 

Weight, lb. per hour 188 

Exhaust : 

Temperature difference (Fc-Fr) deg. F 789.8 

Heat content, B.t.u. per hour 139,632 

Cooling Air : 

Average outlet temperature [Fa) deg. F 83.72 

Temperature difference (Fa-Fr) deg. F 13.51 

Velocity, ft. per min 1,218 

Weight, lb. per hour 18,900 

Heat content, B.t.u. per hour 60,600 

Gasoline: (See Tables HI and IV) 

Consumption, lb. per hour 18.6 

Heat content, B.t.u. per hour 368,000 

Consumption, lb. per b. hp. per hour 0.938 

Parts by weight (see Table IV) for 8.269 parts 

exhaust gas 0.6325 

Amount burned, lb 18.6 

Water: (see Table IV) 

Parts by weight for 0.6325 parts gasoline 0.9275 



T&BLB 1— Enoinb-Test Results— Run No. 117 
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Tabu I— ENOiin-TBar Easuus— Rim No. 117 (Cont.) 
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Tablb ni— Gasounb CoifsuicFnoN and Exhaust Analysis 
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Tablb I\— Distbibution or Exhaust Gas Losses 
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APPARATUS AND PROCEDURE 

The general method of procedure was to determine experimentally: 
first, the heat energy furnished to the engine in the gasoline; and 
second, the heat distribution as evidenced in (a) brake horsepower 
output, (b) cooling water, (c) cooling air and (d) exhaust. Before 
taking readings on any run, the engine was operated at the given 
speed and output until conditions of cooling-water, cooling-air and ex- 
haust temperatures were constant. In other words the engine was 
brought to a condition of running heat balance. Under such condi- 
tions, it will be manifest that whatever heat is generated in friction 
of the parts will appear in the cooling water or be delivered to the 
cooling air. For this reason friction horsepower does not appear 
separately in . the heat-balance curves, although separate measure- 
ment was always made of it for determination of mechanical efficiency. 
It will appear at once that, within the error of experimental pro- 
cedure, the energy input should check the sum total of energy out- 
put. The set-up, as clearly shown in Fig. 8, included apparatus for 
determination of weights of gasoline used in a given time, heat value 
of gasoline in British thermal units per pound, brake loads, speeds, 
inlet and outlet temperatures of cooling water, quantity of cooling 
water in a given time, temperatures of cooling air before and after 
passing the engine, quantity of cooling air passing the engine, tem- 
perature of exhaust, analysis and quantity of exhaust. 

Measuring Fuel Consumption 

The weight of gasoline used in a given time was determined by 
the standard method as follows: The time required to consume sev- 
eral pounds of gasoline was measured with a stop-watch, time read- 
ings being caught (a bell being rung by electric contact made by the 
scale beam) for pound or half pound increments over a period of at 
least twenty minutes. The stop-watch was started at the beginning 
of the period and stopped only at the end. The gasoline, contained 
In 5-gal. cans, was placed on the scale platform at such height that 
an average head of 3 ft. was maintained. For each run the specific 
gravity and temperature of gasoline were determined. The heat value 
of the gasoline was determined for each batch of 50 gal. with a stand- 
ard Junker calorimeter, regulated for complete combustion. From 
four to ten determinations were made on a given sample, the work 
being continued until results checked reasonably. From the weight 
of gasoline used per hour and its heat value, the heat energy furnished 
to the engine was calculated. 

The brake horsepower was determined by a Diehl electric-cradle 
dynamometer of 60-hp. capacity. Approximate speeds and speed 
changes were read from a magnetic tachometer, driven by belt from 
the dynamometer shaft. Accurate readings of speed over consecutive 
one-minute intervals were taken with a revolution counter placed at 
one end of the dynamometer shaft. 



Digitized by 



GooQle 



94 THE SOCIETY OF AUTOMOTIVE ENGINEERS 

Cooling-Water Temperatures 

Cooling-water temperatures were measured by calibrated straight- 
stem thermometers, set in conventional oil-filled wells, near the inlet 
and outlet of the engine. The quantity of cooling water was meas- 
ured by a calibrated Venturi meter, with conventional manometer. 
From the quantity of water in pounds per hour and the difference of 
outlet and inlet temperatures, the heat energy lost in the cooling 
water was calculated. The standard pump-circulated water-cooling 
system was used, a special mixing tank (shown in the central back- 



FiG. 8 — View of Apparatus Used in Engine Tests 

ground of Fig. 8) being used in place of a radiator. This mixing 
tank was fitted with an overflow pipe and supply pipes for cold water 
and steam, the latter two fitted with regulating valves by which the 
engine inlet-water temperature was maintained at 120 deg. F. 

Cooling-Air Supply and Measurement 

The cooling air was furnished by a sirocco blower driven by electric 
motor. The engine was enclosed in an air hood (approximating the 
engine enclosure on the car) and was connected by an air-tight chute 
to the blower. In order to approximate actual road-operating con- 
ditions, the speed of the air past the engine was regulated. Tests were 
made with the car operating on the road at 18, 28 and 39 m.p.h. (cor- 
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responding to engine speeds of 640, 1000 and 1850 r.p.in.) and the 
velocity of air passing the engine determined by an anemometer lo- 
cated on the engine. This same anemometer was then removed and 
placed in the same position on the engine in the laboratory. During 
each run, the blower speed was so regulated that the anemometer reg- 
istered the same reading as that obtained on the road at the speed 
in question. (The glass window through which the anemometer was 
read is seen on the top of the air hood.) 

The volume or quantity of cooling air was measured at the intake 
of the blower. The air velocity was determined by a series of twenty 
pitot-tube readings, these tubes traversing the horizontal and vertical 
diameters of the blower intake-pipe.' The temperature of the air en- 
tering and leaving the hood was determined by calibrated 
straight-stem thermometers, one. being at the intake pipe of the 
blower and four in the tail chute of the air hood in such positions as 
to give an average outlet temperature. Barometer reading, room 
temperature, and humidity by wet and dry bulb thermometers were 
determined at least once during each run. Multiplying the volume of 
air per hour by its weight per cubic foot under the atmospheric con- 
ditions obtaining, and by its specific heat, the heat energy lost in 
the cooling air was found. 

Heat in Exhaust Gas 

The exhaust-gas temperature was measured by an electric pyro- 
meter, the thermal couple of which was inserted in the exhaust tubing 
at the point where it emerged from the air hood. Analysis of the 
exhaust was made with a standard Orsat apparatus. At least two 
samples of gas were collected during each run over saturated distilled 
water, analyses being made immediately until the results checked 
within reasonable limits. From the analysis of the exhaust and the 
weight of gasoline (assumed to have composition CJiu) used per hour, 
the weights per hour of each constituent in the exhaust were found. 
Multiplying by the respective specific heats and the difference between 
exhaust and room temperatures and adding the results gave the heat 
energy carried off in the exhaust. For the water in the exhaust, 
the total heat was of course used. Where the analysis shows that CO 
is present in the exhaust, a correction was made by adding the addi- 
tional heat that would have been liberated if the carbon in the CO 
had been burned to CO,. 

In order to be certain that the engine was in a condition of run- 
ning heat-balance before readings were taken, the temperatures of the 
cooling water, cooling air and exhaust were allowed to become con- 
stant. Under such conditions the heat lost in friction (friction horse- 
power) was absorbed by the lubricating oil, metal parts, crankcase air 
and exhaust gases, transferred to the cooling water, cooling air and 
exhaust and there measured. The engine was therefore operated from 
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15 minutes to an hour under the conditions of each run before any 
observations were taken. A preliminary ten-minute run was then 
made to check the constancy of readings. If this preliminary run was 
satisfactory, the run proper was begun, continuing 20 minutes or more 
until satisfactory and complete check was obtained. 

REFLECTION AND CONCLUSIONS 

The results of these tests emphasize two major points: first, that 
in the automobile engine, as at present constituted, only a small 
amount of the heat energy available in the gasoline is converted into 
useful power; second, that within its present operating range, 
the percentage of heat converted into brake horsepower and therefore 
the thermal efficiency is lowest for low horsepower outputs, in other 
words for the usual road operating conditions. The curves. Figs. 1 to 
6, present in gpraphical and condensed form complete operating data 
for the engine over its normal ranges, and afford a composite picture 
that well adapts itself to critical and constructional analysis. 

The ^mall percentage of heat energy generally converted into 
brake horsepower suggests: first, a study of the operating cycle; and 
second, consideration of the possibility of decreasing the amounts of 
heat given to the cooling water and air and to the exhaust, or the use- 
ful application of such heat. Much thought has been given to the im- 
provement or change of the present operating cycle and decided ad- 
vance is bound to follow the present-day emphasis of efficiency. The 
difficulties in maintaining reasonable fuel economy under varying 
volumetric efficiency and its accompanying changes in compression, 
the adaptation of fixed valve-timing to a variable-speed engine, the 
inherent shortcomings of the present methods of automatic carbure- 
tion and leading of the mixture into the combustion chambers through 
various manifolds and cored passages and valves in engines ex- 
pected to operate unfalteringly at 500 and at 2000 r.p.m. and to jump 
at the touch of the throttle from one to the other, the mechanical proD- 
lems involved in the valves and ignition in an engine whose combustion 
chamber approaches the sphere, the necessity for considerable heat- 
ing of the mixture for present low grades of fuel and the consequent 
decrease of volumetric efficiency and compression — all these problems 
have been written upon the research calendar of the automobile en- 
gineer. 

Ere this, indeed, suggestions and experiments have been made for 
varjring valve timing at different speeds and increasing compression 
for low-throttle operation. Racing experience has taught much of 
the value of large valve area and much in the matter of overhead 
valves and overhead-valve mechanism. Carbureters that mix quanti- 
tatively and positively the fuel and air are not impracticable even for 
the small quantities involved in automobile engines. The application 
of the Diesel or modified Diesel cycle to automobile engines might 
solve many of these problems. Recent study of the constant-pressure 
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cycle with auxiliary apparatus seems to promise much in the matter 
of reciprocating-engine development. The ever-elusive gas turbine is 
yet to be proved impossible or impracticable for automobile use. Even 
in the face of the present predominance of the gasoline engine, we 
must admit the possibilities of the improved steam engine with low- 
grade fuel burner, of the gasoline-electric with improved control, or 
of the electric with the problems of storage capacity, operating range 
and battery service-stations solved. 

Fields for Future Development 

The large amount of heat lost in the cooling water and air affords 
a vast field for research and future development that will afifect not 
only the automobile, but also the airplane, the tractor and the sta- 
tionary internal-combustion engine of whatever type or cycle. The 
probable over-cooling at low speeds and output if ample capacity is 
provided for extreme demands has already received some attention 
and the fitting of temperature-controlled by-pass valves, of controllable 
radiator shutters, of variable compartment radiators, presages much 
for the future. 

Vast improvement can be brought about from an entirely dif- 
ferent field of research. Alloy metals can be developed that will 
stand vastly higher average operating temperatures. The present 
metal construction can be entirely replaced by a built-up alloy-metal 
construction that will need no cooling system or at best only an air- 
draft. Porcelain or other heat-resisting substances can be utilized for 
part or all of the combustion chamber. Lubricating substances of 
vastly superior heat resisting properties are surely possible. A fasci- 
nating ideal is always a type of engine in which the same wall does 
not serve as a part of a high-temperature combustion-chamber and at 
the same time as a lubricated surface upon which the most important 
high-speed reciprocating mass must travel and have its bearing. 
Under present limitations, higher thermal efficiency might be had by 
the use of a cooling liquid whose boiling point is higher than that of 
the conventional water. 

The heat loss in the exhaust, which forms a large percentage at 
high speeds, is no doubt due to slow burning, induced by low compres- 
sion and poor carburetion. The changes in cycle that have been sug- 
gested would decrease this exhaust loss, but it will probably always be 
comparatively high at high speeds. Four large poppet valves per 
cylinder or larger sleeve-valve ports might permit later opening of the 
exhaust, further expansion and cooling of the burning charge and 
better efficiency. Pressure injection of both air and fuel has its pos- 
sibilities. Flexibility and horsepower per unit weight, however, are 
to-day regarded of such importance as to often outweigh considera- 
tions of efficiency and fuel economy, considerations that in the present 
type might lead toward lower speeds and fewer cylinders. 

After the heat lost to the exhaust has been reduced as much fis 
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possible, the problem can be still further continued in the search for a 
means of using the heat before it is wasted to the atmosphere. With 
low-grade fuels such as kerosene, the use of the exhaust heal for pre- 
heating the fuel at once suggests itself. Redesigning of the muffler 
into a heater for cold-weather driving might permit partial use of 
the exhausit heat during part of the year. 

The reduced efficiency and increased fuel consumption under nor- 
mal light loads at any speed is deserving of the most serious atten- 
tion. The internal-combustion engine operating upon the present 
Otto cycle is not well adapted to efficient operation upon partly-opened 
throttle. The curves presented in this paper testify to that fact. The 
theory of operation of the cycle leads to that conclusion. The large 
city is a laboratory in which is being demonstrated daily the low 
mileage obtained under low-speed and low-throttle conditions. The 
high cost of fuel and the encouraging demand of the public for more 
conservative power and more conservative road speeds are spurring us 
on to the solution of this problem. Larger valves or ports and more 
of them, variable timing of the valves so as to insure fairly uniform 
compression, higher compressions with direct fuel injection as in the 
Diesel or semi-Diesel engine, the constant pressure cycle — all of these 
are suggestions of rich fields of research. In the direction of this re- 
search and advance, the work of the automobile engineer must 
needs become more important, more technical and more fascinating. 



DISCUSSION 

H. L. Horning: — The point Professor Fishleigh makes as to 
thermal efficiency at high loads is very interesting, inasmuch as trac- 
tor engines are running all the time at full or approximately full load. 
But why with some engines do we get the best efficiency at full load 
and with others cannot get it at the full load? With the average en- 
gine, the maximum thermal efficiency is obtained at from 75 to 90 
per cent of the full load capacity. Many engineers would be pleased 
if some one could throw light on this subject. Is it related to the fact 
that we must search above the speed of maximum torque for the speed 
of maximum economy? 

Ferdinand Jehlb : — Several months ago, I completed a set of tests 
that were very similar to those made by Professor Fishleigh, but I 
used a little different method of getting at the results, principally as 
regards measuring exhaust heat. I passed the exhaust gas through a 
calorimeter, measured the increase in temperature of water, which 
of course made it unnecessary to determine specific heats and the 
temperature of the exhaust. My results however were not exactly the 
same; that is, the heat losses were not distributed exactly the same as 
were those given in the paper. Much more heat was lost to the ex- 
haust and not as much to radiation. I did not measure the radiation 
separately, but my unaccounted for and radiation losses were not so 
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large as is Professor Fishleigh's radiation loss. Does not the radiation 
loss given include some of the exhaust loss? 

The exhaust manifold had to be insulated very well indeed inside 
of the hood so that some of its heat should not be given out to the cool- 
ing air. Of course, the combined loss/ the exhaust plus the radiation, 
will remain the same; but I think we are charging it up against the 
wrong account if some of that included the radiation from the exhaust 
pipe. My tests somewhat substantiate Mr. Browne's discussion, inas- 
much as I obtained the maximum efficiency at not so low a speed. 

W. W. Wells: — The "research calendar" of the automobile engi- 
neer should include the subject of cylinder scavenging. If the burned 
gases left in the clearance space at the end of the exhaust stroke could 
be replaced by fresh air, the proportion of oxygen in the combustible 
mixture would be increased and the inert matter that only dilutes the 
fuel would be decreased. This should have very much the same effect 
as adding oxygen to the air that enters the carbureter, improving 
economy somewhat, and adding largely to the maximum output. 

It is hard to believe that the subject has been entirely neglected, 
but I have heard of only one firm conducting any experiments along 
this line. That was with a six-stroke cycle, and as I remember it, 
the results were encouraging but not of enough importance to justify 
the use of a cycle with such an uneven torque. 

But is it not feasible to provide some means for scavenging a four- 
stroke cycle engine? The advantages to be gained would seem to 
justify some added complication. 

The scavenging problem should be studied in connection with the 
problem of higher compression at light loads, as the same mechanism 
might perhaps give both of these much needed results. 

Arthur B. Browne: — The authors have indicated, by their out- 
line of future work on other engines, that the present test is only pre- 
liminary. This gives promise of obtaining the great mass of data 
necessary before either the way to greater efficiency will be pointed 
out, or the inherent limitations of the Otto cycle determined. The 
work already done shows, however, certain peculiarities that can hardly 
be called average performance. I have conducted many tests but have 
never secured maximum thermal efficiency at speeds as low as 640 
r.p.m. It is scarcely conceivable that normal efficiencies, on open 
throttle, drop steadily as the speed increases, unless it be due to some 
idiosyncrasy of the carbureter used. That this is a fact is indicated 
by the mixture ratio shown by the air and fuel measurements in the 
test cited. This mixture is about ten to one. The effect of this over- 
richness, as evidenced, is a deliberate waste of 56,000 B.t.u. per hour 
(15 per cent of the total heat) in the exhaust. This loss is not, 
however, as direct as the foregoing would indicate. The heat was 
never liberated during combustion, so that a sequence of phenomena 
follows, more or less conflicting in their effects on the final results. 
Under these conditions : 
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(A) the pressure and temperature could not have been at a maxi- 
mum. 

(B) the expansion curve must have been raised by slow after- 
burning. 

(C) because of (A) loss to* the water-jacket must have been re- 
duced. 

(D) because of (A) a greater volume of mixture must have been 
required to produce a given brake-horsepower; that is, the throttle 
was open wider than was necessary. 

We might go on with a multitude of details, but the final net results 
would be only the well recognized, if little understood, pernicious ef- 
fect of an over-rich mixture. 

Summarized, it is certain that the entire heat balance is disturbed 
by the use of as rich a mixture as that shown, and it would seem 
that one of the most fertile fields for investigation is a determina- 
tion of the heat balance with mixtures of different composition. 

I have no doubt that the authors have obtained much data indi- 
cating the character of the mixture during each test, and that some 
if not all of them show instructive comparisons on the point in ques- 
tion. It is possible, indeed, that careful inspection of the character 
of the exhaust of each test may throw much definite light on the true 
effect of mixture composition. 

It is probable that a considerable part of an 80 per cent heat loss 
can be saved by the simple adjustment of the carbureter needle-valve; 
the record that would establish this fact would be of inestimable 
value. 

There is reason to believe that the British engineers have recog- 
nized the real waste from an over-rich mixture more generally than 
has been the case in this country. In fact, during the last visit of 
the Institution of Automobile Engineers comments on the ill smelling 
exhaust of American cars were very frequent. 

I would like to ask the authors whether they made determinations 
of methane or hydrogen in exhaust gases, showing the presence of 
carbon monoxide. Ballantyne has determined a practically constant 
ratio between free methane, hydrogen and carbon monoxide, and this 
ratio seems to have been generally accepted in England. If this 
condition proves true of American gasoline, it would materially affect 
the computation of the heat loss in the exhaust as set forth by the 
authors. 

Prop. E. H. Lockwood: — The authors' conclusion that at normal 
operating speeds and loads, the fuel consumption per brake-horse- 
power is high for the engine under consideration, is true. They have 
failed to point out however a simple remedy for this condition, where- 
by the efficiency can be materially, improved without waiting for a new 
cycle, or an improved design of engine. 

The remedy is suggested in Figs. 4 and 5, where the mechanical 
efficiency under normal operating conditions is given as 60 per cent. 
Here are bad conditions, when with the heat engine limitations only 
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15 per cent of the heat energy is converted into work. We allow 40 
per cent of the work to escape in the engine, leaving only 60 per cent 
available to develop brake-horsepower. 

The remedy is to use a smaller engine and to persuade the owner 
that it is for his advantage to carry around less reserve power. In 
the case before us the engine developed 47 hp. at 39 m.p.h., while it 
was assumed that 24 hp. would drive the car on the level at this speed. 
If a new engine of say 28 hp. were substituted, there would still be 
a reserve for accelerating at the high speed, and the car performance 
at normal operating speeds would materially improve. 

Some designers are carrying out the ideas just advanced and have 
greatly improved the car performance thereby. I have just made 
rear-wheel drum tests of a six-cylinder car weighing 2400 lb., and 
equipped with an engine capable of giving 25 b.hp. at a speed of 40 
m.p.h. Tests showed that only 15 b.hp. was required to drive the car 
at this speed, leaving a fair surplus for grades or acceleration. The 
thermal efficiency of the engine is no better than that of the one 
reported in this paper; yet by careful adaptation of the engine to 
the car and by reduction of internal friction losses, an economy of 
30 miles per gallon of fuel was obtained over the range of from 10 
to 20 m.p.h. 

In the paper the efficiency of power transmission from engine to 
rear wheels was assumed as 80 per cent at 18 m.p.h. and as 70 per 
cent at 39 m.p.h. My own observations, based on data from recent 
tests made in our laboratory, do not agree with these figures. The 
loss in transmission, due to gears, bearings and tires, has been found 
nearly constant, making the efficiency of transmission increase with 
the amount of power transmitted. In the test of the six-cylinder car 
referred to, the efficiency of transmission at 20 m.p.h. was 68 per 
cent, while at 40 m.p.h. it was 80 per cent. 

C. E. Sargent: — The paper on heat balance of automobile engines 
corroborates the results heretofore obtained in efficiency tests of en- 
gines of this type over a wide range of loads and proves conclusively 
the results to be anticipated from a theoretical investigation. 

The value of this paper lies in the fact that it brings out the in- 
efficiencies of the under-loaded automobile engine. The conclusions 
should be an incentive to the engineer to endeavor to develop a more 
economical cycle or at least devise some method of reducing the losses 
now so obvious. 

With the increased consumption of fuel and its constantly increas- 
ing price, the efficiency of the automobile engine must have careful 
consideration; although when a more efficient cycle was proposed 
some years ago, the automobile press suggested that thermal effi- 
ciency was the last thing to consider in automobile construction. The 
different losses under different conditions are pointed out in the 
paper, but it is not shown why the present cycle is responsible for 
the low efficiencies. The remedies for the losses indicate are sug- 
gested timidly, if at all. 
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If we were running a car or driving a machine with an electric 
motor, and applied the brake to make it run more slowly, the result 
would be obtained but at what a cost. To slow down an automobile 
engine, we apply a brake, not by friction on a revolving drum, but by 
converting the engine into a vacuum pump by closing the throttle, 
thereby causing a back pressure of from six to ten pounds on every 
square inch of the piston area. With such a handicap the cylinders 
are not filled but all the gas that gets in is just as rich in hydro- 
carbons as the quantity used at full load. The amount required to 
keep the engine going if the brake were removed is but a very small 
part of the actual amount used in an idling engine. 

One reason then why an automobile engine is inefficient at part 
load is because it must overcome the brake imposed upon it by a 
restricted throttle. If automobile engineers would study the develop- 
ment of the steam engine, they would find a precedent worth imitat- 
ing. Instead of admitting a cylinder full of steam, thereby obtaining 
a maximum mean effective pressure, and releasing it at boiler pres- 
sure at the end of the piston stroke, steam engines under normal 
load close the admission at such a part of the stroke that the expan- 
sion of the steam after cutoff does useful work and drops to prac-. 
tically atmospheric pressure before exhaust. If a gas-engine cylinder 
is but two-thirds filled without a throttle restriction, but with the 
same compression, a 50 per cent greater expansion and a 25 per cent 
increase in efficiency will be obtained. 

Of course 50 per cent more piston displacement would be required, 
but with aluminum cylinders to keep down the weight, what is that 
when compared with the 25 per cent more mileage on the same amount 
of gasoline. The most inefficient slide valve, now almost extinct, cuts 
off the steam to get complete expansion and gives fair results at full 
load, yet throttles the working medium just as we do in automobile 
engines to reduce the speed or keep it constant when the load be- 
comes lighter. When Corliss varied the cutoff in the steam engine, 
eliminating the throttling, the efficiency was doubled. We can main- 
tain a much higher thermal efficiency in automobile engines if means 
can be provided for accomplishing the same results. 

A cycle has been heretofore suggested in which gas is admitted 
during two-thirds of the stroke at full load, thus increasing the com- 
pression and diminishing the fuel as the load gets lighter; this cycle 
promises in practice more than was expected from a theoretical con- 
sideration. It reduces the temperature of the exhaust one-half, pro- 
vides regulation without vacuum brake, furnishes fuel in proportion 
to delivered load plus engine friction, and will it is believed maintain 
as high a thermal efficiency as engines of the same size of the Diesel 
type. 

If we can make a successful Diesel engine for automobiles, throt- 
tling and its incidental back pressure will be unnecessary; fuel is 
injected in proportion to the load without reducing the air induced 
and ignition apparatus will be relegated to the past. While the paper 
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brings out in a most satisfactory manner the heat losses of the cycle, 
it does not seem to emphasize the solution of the problem. It shows 
that loss to the cylinder walls decreases with the speed, which is what 
we might expect when we consider that the time of heat difference 
is reduced, wherein lies one of the virtues of the high-speed engine. 

The loss to the cooling water depends among other things upon the 
difference in temperature of the cylinder walls and the burning charge. 
Thermosyphon cooling of the water will maintain less difference 
in temperature and less transmission of heat to the water-jacket. 
Such a system is much simpler than a pump and thermostat combina- 
tion. It is quite probable that the tests which the authors propose to 
make of an air-cooled engine in which the difference in temperature 
of the cylinder walls and the burning mixture is considerably less than 
in water-cooled engines, will show a material reduction in the loss 
to the cylinder walls, this being one cause of efficiency in the air- 
cooled engine. 

The heat loss in the exhaust at high speeds and presumably at 
full load is attributed by the authors to too slow burning, induced by 
low compression and poor carburetion. 

In my opinion, the compression is greater and the carburetion 
and combustion more perfect when the load is increased. The in- 
creased percentage of heat lost to the exhaust when a cylinder full 
of gas is compressed is attributable to the lack of expansion at light 
loads. 

When an engine is throttled only a small part of the piston-dis- 
placement area is filled with combustible mixture; therefore after 
compression and inflammation, the mixture expands to the cylinder 
volume, turning more heat into work, or dissipating it to the cylinder 
walls. 

The data obtained and presented in the paper under discussion 
are most convincing evidence of the uncommercial thermodynamic 
operation of the present gasoline automobile engine. Unfortunately 
engines of this type are more economical at full load, a condition 
seldom attained in actual operation. 

A steam engine, whether used in an automobile or a steel mill, 
cutting off at its most economical point for average load, rises to the 
occasion by cutting off later when full load or overload comes on, 
but with a decrease in efficiency. The reciprocating steam engine, 
though encompassed by other limitations, is an ideal prime mover for 
an automobile. 
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SOME ESSENTIAL FEATURES OF HIGH 
SPEED ENGINES 

By a. F. Milbrath 
(Member of the Society) 

Abstract 

The author outlines methods for producing high-speed 
engines with high mean effective pressure and gives data 
resulting from several years' experimental work. He dis- 
. cusses the desirable stroke-bore ratios ; valve area, weight, 
dimensions, location and timing; compression ratios; ignition 
requirements; and the location and means for operating cam- 
shafts and other valve-actuating mechanism. 

Data are given regarding the best material and dimen- 
sions for pistons and the desirable number of rings. The 
physical characteristics of alloy steel desirable for use in 
connecting-rods are mentioned. Similar data, including dimen- 
sions and factors controlling the construction of the crank- 
shaft and its bearings are included. The relation of the inertia 
stresses set up by reciprocating parts to those due to the ex- 
plosion and compression pressure on the piston. head is indi- 
cated, and the maximum total stress deduced. The per- 
formance curves of an actual engine, the construction of 
which is described, are discussed. In conclusion some of the 
modifications required to adapt a high-speed racing engine 
to stock production are outlined. 

During the past few years automobile engine speeds have in- 
creased considerably, especially for certain classes of work. In the 
early days of the automobile, large-bore slow-speed engines were 
used, the stationary engines naturally establishing a precedent. These 
heavy engines were found to be too cumbersome, however, especially 
when greater powers were required. Not only were the engines heavy 
in themselves, but on account of their slow speeds they necessitated 
heavy transmissions, axles and universal joints in order to withstand 
the heavy torque. To overcome these objections, higher engine speeds 
and mean effective pressures were developed. The object of this 
paper is to point out what is possible along these lines, the data given 
being the result of several years' experimental work. 

In designing a new engine one of the first considerations is the 
piston displacement. In the case of racing engines this is often 
limited to a certain maximum, usually 300 cu. in. 

RATIO OF STROKE TO BORE 

The next point to be determined is the stroke-bore ratio. In the 
high speed engines it is of course necessary to reduce reciprocating 
weights to a minimum; from this viewpoint a small diameter of 
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cylinder with a long stroke is favorable since the weight of a piston 
increases with some power of the diameter between the second and 
third, and the inertia forces of the piston vary likewise as long as 
the piston speed is constant. 

On the other hand, however, the weight of the engine will increase 
with a longer stroke; crankcase diameter increasing with the stroke 
while the height of the cylinder increases with the leng^ of the 
connecting-rod, which is about twice that of the stroke. Further, 
the valve area will decrease with a smaller bore unless large valve 
pockets are used. 

The heat lost to the jacket-water will be the less, the smaller the 
area exposed to the gases in the cylinder. For a given volume a 
sphere presents the smallest surface. A shorter stroke therefore has 
advantages, as the longer the stroke the greater will be the surface 
exposed and the greater the heat lost to the cooling water. 

In Europe stroke-bore ratios as high as two have been used success- 
fully. From the author's experience, ratios of 1.70 or 1.75 have 
given good results in 800-cu. in. engines. 

ENGINE SPEEDS 

These will depend principally on the valve area and timing, size 
and form of inlet manifold, location of spark-plugs, and on the re- 
sistance offered by the carbureter to the incoming charge. Valve 
location will also affect engine speeds to some extent. 

The valve area should be as large as possible, but it will be limited 
of course by the size of the combustion chamber. The largest valve 
area can undoubtedly be obtained by using two intake and two ex- 
haust valves per cylinder, placed on an angle of about 20 to 30 deg. 
from the vertical. With this construction, four valves 1%-in. diam- 
eter or 1 9/16 in. clear can be incorporated in a 3% -in. cylinder with- 
out resorting to pockets. This will give ample capacity to develop 
a maximum horsepower at 3000 r.p.m. On a 300-cu. in. engine this 
would give an actual gas velocity of about 200 ft. per sec. through 
the valves when using a valve lift of 5/16 in. 

The inlet manifold should be of a size to give a gas velocity of 
about 175 ft. per sec. The manifold as well as gas passages in the 
cylinder must be smooth and as free from sharp bends as possible. 
With some carbureters an extra air inlet in the manifold above the 
carbureter will increase the power at high speeds, but with most 
modern carbureters built for this service the air passages are free 
enough so that the air inlet in the manifold is not necessary. 

COMPRESSION RATIO 

The volume of compression space for the high speed of engine 
should be about 18 to 20 per cent of the total volume. This will 
give compression pressures of about 90 to 110 lb. per sq. in. gage. 
The combustion chamber should be free from pockets. The more 
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nearly spherical the shape the better it is for rapid flame propagation 
and gas flow, and also for reduction of heat loss to jacket water. 

IGNITION REQUIREMENTS 

Ignition can be by single-spark magneto; the spark-plug should 
then be located as near the center of the combustion chamber as 
possible, as even then great spring pressures are necessary to close 
opposite sides, as in his opinion this gives more rapid combustion, 
more power and reduced fuel consumption. The location of valves 
and the type of valve gear employed will to some extent determine 
the location and number of spark-plugs per cylinder. 

VALVE GEAR AND TIMING 

Valves must be made of the best material procurable. Tungsten 
steel serves admirably. The heads can be extremely thin, increasing 
from % in. at the outer edge gpradually toward the center with ample 
fillets at the stem. The valves should be of as light weight as 
possible, as even then great spring pressures are necessary to close 
them quickly, and make the valve lifters follow the cams. The 
diameter has already been discussed, and should be of such size as 
to give gas velocities of not over 200 ft. per sec. The lift of valves 
can be as high as one-quarter of the diameter, but for extremely 
high speeds it is well to keep the lift as small as possible, thus re- 
ducing the inertia forces in the valve and the stresses in the springs. 
Springs must be carefully designed and made of best materials or 
failure will result. 

It is often deemed advisable to use double springs, an outer or 
main spring, and an inner or auxiliary spring. The stresses in the 
inner spring are kept lower than in the main spring so that the 
factor of safety will be large. With the double-spring construction 
the valve will not fall into the cylinder should a main spring break. 

The acceleration of the valve can be ascertained most easily by 
a graphical method, as usually with the customary shapes of cams, 
the acceleration is not uniform. When the acceleration is known and 
the weights of the valve, cam-follower spring-seat and one-half that 
of spring are known the necessary spring pressure to close the valve 
in the given time can be calculated by the formula P = Wa/g, in which 
P = spring pressure, W = weight of valve and parts just enumerated, 
a = acceleration in feet per second per second, and g = acceleration 
due to gravity. 

In actual practice at engine speeds of 3000 r.p.m., spring tensions 
of 80 lb. with valve seated, have been satisfactory on 1%-in. valves 
weighing with accompanying reciprocating parts 0.9 lb. For higher 
speeds greater spring tensions are necessary, but difficulty is then 
experienced in securing springs that will stand up for any length of 
time. In such cases mechanical means for closing valves would prov« 
beneficial. These, however, would add complications. 
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Valve Timing 

The best valve timing for a high-speed engine depends on so many 
things that it is possible to get the best results only by actual tests. 
The timing will be very nearly the following however: The inlet 
valve opens at or slightly before upper center and closes about 50 
deg. after lower center. The exhaust valve opens about 50 deg. 
before lower center and closes about 10 deg. after upper center. These 
figures are for engines with large valve areas at speeds of 3000 r.p jh. 

Valve Gear 

The design of valve operating-mechanism depends on the location 
of valves and camshafts. Many successful engines have been built 
with overhead camshafts. Some of these employ a single camshaft 
while others use two. In the single camshaft type the shaft is located 
in a housing directly over the center of the cylinders and the valves 
are operated by rocker levers. In the double camshaft type, the 
camshafts are located directly over the valves. There is little to 
choose between these two types. The author has tried both with equal 
success. The camshaft drive can be through a train of ball-bearing 
spur-gears from the crankshaft or through bevel gears and vertical 
shaft. The former works out best with double overhead-camshafts 
while either can be used for the single camshaft design. The spur- 
gear construction offers advantages in driving the pump, magneto 
or other accessory shafts. Gears and shafts should be made of alloy 
steels so that the weight can be reduced to a minimum. 

PISTONS 

The most important consideration in pistons for high speeds is 
light weight. Various materials are used— cast iron, steel and alum- 
inum alloys. Cast iron is the cheapest material and is easily cast 
to shape, but when the weight is light enough the walls are so thin 
that the pistons are easily broken. Steel pistons are strong but the 
machining of them is a tedious operation. Aluminum-alloy pistons 
have the advantage of ease of manufacture, light weight, high heat- 
conductivity, and ample strength. Wristpin bearings can be formed 
directly in the aluminum. Thicker rings should be used however, as 
thin rings are apt to wear into the aluminum and thus cause a 
gradual widening of the grooves. Two rings are sufficient for high 
speed work and even one has been used successfully. 

CONNECTING-RODS 

Connecting-rods, as well as pistons, should be light, but great 
strength is also necessary. Either tubular rods or rods of I-beam 
section can be used. Chrome-nickel or chrome- vanadium steel, heat- 
treated so that the elastic limit is at least 115,000 lb. per sq. in., should 
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be used. It is customary to machine these rods all over to obtain 
light weight. 

Connecting-rodSy pistons and all reciprocating parts must be bal- 
anced perfectly to insure freedom from vibration. 

CRANKSHAFTS 

Crankshafts must be made of material as good as that of 
the connecting-rods, and they must be in perfect running balance. 
To insure stiffness, a shaft should not be under 2-in. diameter, even 
for small engines; for 300-cu. in. engines 2^ -in. diameter is better. 

With a shaft of liberal dimensions sufficient mass is secured to 
absorb any vibrations set up by the light pistons and rods. No 
further balance weights are necessary, especially if the ratio of 
connecting-rod length to stroke is two or slightly greater. 

The area of crankpin bearings requires due consideration in high- 
speed engines; even with light pistons and rods the bearing pressures 
due to centrifugal and inertia forces are great. 

Aluminum-alloy pistons 3 13/16 in. diameter and weighing 12 oz. 
have been constructed of ample strength. With wristpin and rings 
the weight was 21^ oz. The connecting-rods for the same engine 
weighed 43 oz. Considering one-half of the weight of the rod as a 
reciprocating mass this would give a total reciprocating weight for 
piston, pin and rings of 43 oz., or 2.69 lb. The length of stroke was 
6% in. Inertia forces at 3000 r.p.m., due to this reciprocating weight 
follow : 
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The negative forces act oppositely to piston travel and the positive 
with piston travel, on the down stroke and vice versa on the up 
stroke. The centrifugal force due to the weight of the lower end of 
the rod (21% oz.) plus the weight of the crankpin bushing (19 oz.) 
is 2110 lb. at 3000 r.p.m. Taking the explosion pressure as 325 lb. 
per sq. in., the total pressure on the piston is 3710 lb. The total 
compression pressure at 90 lb. per sq. in. is 1027 lb. The centrifugal 
force always acts outward from the center of the shaft and therefore 
exerts a constant pressure of 2110 lb. on the crankpin bearing. 
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At the upper and lower dead-centers the inertia forces also act 
in a direction away from the center of shaft so that they are added 
to the centrifugal forces. The final compression pressure on the 
piston and the initial explosion pressure counteract the above forces. 

At the beginning of the suction stroke the connecting-rod bearing 
pressures are 2760 plus 2110, or 4870 lb.; at the end of the suction 
stroke and at the beginning of the compression stroke they are' 1710 
plus 2110, or 3820 lb. This is neglecting the slight error due to back 
pressure in the suction stroke. At the end of compression stroke 
the pressure would be 2760 plus 2110 less 1027, or 3843 lb. At 
the beginning of the power stroke the pressure is 2760 plus 2110 
less 3710, or 1160 lb. As the inertia and centrifugal forces over- 
balance the explosion and compression forces, all of these pressures 
act radially outward from the center of the crankshaft. For this 
reason the crankpins always wear most on the inner side. At other 
positions of the crank than on the dead centers the inertia force and 
gas pressure would not act radially of course, which would result in a 
decrease of the total bearing pressure. This shows that the greatest 
pressures are at the beginning of the suction or at the end of the 
exhaust strokes. 

The crankpin in the engine mentioned was 2% in. diameter and 
2^ in. long, giving a projected area of 5.625 sq. in. The greatest 
pressure per square inch is 4870 divided by 5.625, or 865 lb. These 
bearing surfaces are ample and have stood up very well. With 
good lubrication it would be safe to allow maximum pressures of 900 
to 1000 lb. per sq. in. The oil used must be heavy enough to stand 
up under these high pressures, high speeds and heat. 

The weight of the shafts can be lessened by boring the pins and 
main bearing^^s. The diameter of this bore can easily be one-half the 
diameter of the shaft without weakening it appreciably. 

Both plain bearings and ball bearings have been used to carry the 
crankshaft. Plain bearings permit a simpler construction, and also 
an engine of less weight, but ball bearings reduce the friction and 
therefore increase the available horsepower. Ball bearings also allow 
of shorter construction. If ball bearings are used the crankshaft 
must be designed so that the center bearings can be passed over the 
shaft from the end and then held in position by bushings or adapters, 
or it must be built in two pieces. The latter is preferable from the 
point of compactness. The two halves of the shaft can be fastened 
together by a large alloy-steel bolt in the center, the bolt being pro- 
vided with keyways and keys to hold the two ends in proper alinement. 

Barrel-type crankcases lend themselves most conveniently to the 
ball-bearing construction, the crankshaft with all bearings being in- 
serted from the end of the crankcase. 

SYSTEMS OP LUBRICATION 

Various systems of lubrication can be employed, although a force- 
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feed system is to be preferred wherever possible. With plain-bearing 
crankshafts it is an easy matter to force the oil to the main bearings, 
then through the crankshaft to the connecting-rods and even through 
ducts in the connecting-rods to the pistons and piston-pins if desired. 
With ball-bearing shafts this is not so easy and it is necessary to 
depend on splash for lubrication of the engine. Oil rings fed from 
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REVOLUTIONS PER MINUTE 
PiQ. 1 — Characteristic Curves of Wisconsin Engine 

tubes can be fitted to the crankshaft to gather the oil and lead it to the 
rods under pressure due to centrifugal force. This method has been 
used successfully on a number of engines in the past. 

Separate oil leads are necessary to supply overhead camshafts, 
with their lifters and rocker levers. Drain pipes to return the 
excess oil to the crankcase are also required. Part or all of the oil 
from overhead camshafts can be returned through the housings 
enclosing the camshaft driving-gears, thus affording lubrication for 
these gears. 

The oil used should be of a heavy quality or of high viscosity 
when heated, so as to withstand the high pressures. Castor oil is very 
popular in Europe for this purpose. 

PERFORMANCE OF ACTUAL ENGINE 

In the above-described engines brake mean effective pressures of 
about 130 lb. per sq. in. can be obtaiped at piston speeds up to 2500 
or 2600 ft. per min., and of 118 lb. per sq. in. at 3200 ft. per min. 

Torque, mean effective pressure and horsepower curves from 
engines in actual practice are shown in Fig. 1. These were four- 
cylinder engines built in 1914. Their size was 3 13/16 by 6% in., 
giving a piston displacement of 297.6 cu. in. The stroke-bore ratio 
was 1.7. As the curves show, the maximum horsepower was de- 
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veloped at a speed of 2950 r.p.m., or a piston speed of 3200 ft. per 
min. 

The compression ratio on these engines was 5 to 1, which gave 
a compression of 90 lb. gage, when cranking by hand. The com* 
bustion chamber was square in cross-section, of about the same 
diameter as the cylinder. The valves were set into the head of the 
combustion chamber on an angle of ?0 deg. 

Ignition was by double-spark magneto, the spark-plugs being 
located horizontally on opposite sides of the cylinders. 

The valves were 1% in. diameter or 19/16 in. clear with 5/16 in. 
lift, giving a full opening for two valves of 2.6 sq. in. With a volu- 
metric efficiency of 100 per cent, this would g^ive a theoretical gas 
velocity at 2950 r.p.m. of«227 ft. per sec. The actual velocity however 
was somewhat under 200 ft. per sec. 

A single ball-bearing camshaft was carried overhead, operating 
the valves through rocker-arms. The drive to the camshaft was 
through a train of spur gears, also carried on ball bearings. 

Pistons were made of aluminum alloy and weighed 12 oz. each. 
With wristpins and rings the weight was 21% oz. Connecting-rods 
were tubular of chrome-vanadium steel. Crankshafts were of the 
same material. They were carried on three ball bearings. The shafts 
were made in two pieces bolted together in the center. No attempt 
was made to counterbalance the effect of crankpins or any part of 
the connecting-rod. The engines ran without vibration through the 
entire range of speeds. 

HIGH-SPEED ENGINES FOR STOCK CARS 

High-speed engines are built primarily for racing, where maximum 
output is the main consideration. For this reason some modifications 
in stock engines would be necessary to insure durability for con- 
tinuous service and also to reduce cost of manufacture. Larger 
bearing surfaces would be necessary in pistons, valve lifters and 
valve gear; heavier valves and cams with less violent lift would be 
required ; connecting-rods, crankshafts and gears would be drop f oreed 
and not machined all over. All of these modifications tend to reduce 
speed and mean effective pressure so that the output is smaller 
as compared with that of the racing engine. The results that will be 
obtained with stock engines depend on the designer's ingenuitv in 
choosing between high output on one nand and durability on the other. 

DISCUSSION 

Ralph C. Chestnutt: — Mr. Milbrath states in the third para- 
graph of his paper: "In the high-speed engines it is of course neces- 
sary to reduce reciprocating weights to a minimum. From this 
viewpoint a small diameter of cylinder with a long stroke is favorable, 
since the weight of a piston increases with some power of the diameter 
between the second and third, and the inertia forces of the piston vary 
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likewise as long as the piston speed is constant." In other words, if 
the weight of the pistons is the same in any two engines, the inertia 
forces due to the reciprocation of the pistons will be equal, provided 
the piston speeds in the two cases are the same. This is erroneous. 
The proof that this idea is incorrect is based on the fundamental law 
of mechanics that force is equal to mass times acceleration, or F = Ma, 
The equation for inertia force may be written 

F = i^ (cos e +_ 008 29) = Jl— (cos e +_ COS 2^), 
r I gr I 

in which 

I = connecting-rod length, in feet. 

w = weight of reciprocating parts. , 

g = acceleration due to gravity, or 32.2 ft. per sec. per sec. 

V = velocity of crankpin in feet per second. 

r = crank length, one-half stroke, in feet. 

= crank angle. 

As an example let us consider a 3 by 3-in. engine running at 2400 

r.p.m. and a 3 by 6-in. engine running at 1200 r.p.m., each having the 

same weight of piston. 

T 

The term (cos tf + _ cos 2B) must be the same in both cases and 

can be dropped from consideration. The constants w and g will also 

drop out. We then have left — and — for comparing the inertia 

forces of the engines with 3 and 6-in. strokes respectively. But Vi 
and V2 are identical; therefore the inertia forces are to each other as 

— is to — or as — — - is to — -— . This shows, then, that the inertia 
n n 0.25 0.60 

forces due to the reciprocation of the pistons are not the same for the 
same piston speeds in the two engines, even though the piston weights 
are the same. It follows then that Mr. Milbrath's statement mentioned 
at the beginning of this discussion is incorrect. 

In dealing with inertia forces it may be of interest to bear in mind, 
this fact: All eng^ines of the same piston displacement having the 
same reciprocating weight per square inch of cylinder area will have 
equal inertia forces at the same speed in revolutions per minute, re- 
gardless of the stroke-bore ratio* 
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DYNAMIC BALANCING OF ROTATING 
PARTS 

By p. Hymans 
(Non-Member) 

Abstract 

The author points out the necessity of obtaining dynamic 
or running balance of rotating parts, especially in automo- 
bile-engine construction. He discusses the manifestations of 
the lacK of static and running balance, such as vibration and 
high bearing pressures. Formulas are supplied for calculat- 
ing bending moments and centrifugal forces in a crankshaft 
that is out of balance. 

Methods for obtaining static balance are described and 
the possible conditions existing after static balance is ob- 
tained are treated, with especial reference to the existence 
of one or more couples. 

Descriptions are given of two representative machines 
that are used to locate couples and correct for them. The 

Srinciples of operation are made clear and advantages and 
isadvantages of each type are brought out fully. 

The object of balance in the automobile is to eliminate all forces 
that tend to cause stresses, bearing pressures, or any relative motion 
of parts not required for propelling the vehicle. To attain this object, 
balance of the rotating parts, particularly of those that revolve at 
high speed, is a prime requirement. 

The necessity of running balance in high-speed rotors of all kinds 
was recognized long ago. Many and varied have been the suggestions 
for the construction of machines that would put such rotors into 
running balance, some of them showing an excellent appreci- 
ation of the underlying principles. There are only three machines 
however, that have been developed practically. These are: the float- 
ing-bearing machine, represented in this country by the Norton ma- 
chine, the Lavaczeck machine and the Akimoff machine. 

Of these the first and last-named will here be investigated, typify- 
ing as they do the oldest and the most recent practice. The Lavaczeck 
machine (Germany) is interesting only as an improvement on the 
floating-bearing machine. As it is in turn surpassed by the last of 
the machines named, a discussion of it will be omitted. 

Let Fig. 1 represent a body rotating about the axis xx. We can 
consider this body to consist of a large number of thin slices, which we 
shall call elements, each disposed between two radial planes. By de- 
sign or through the unavoidable imperfections in manufacture, the 
center of gravity of these elements will not lie on the axis of rotation. 
When the body revolves, each of them will act on the shaft with a 
radially-directed force, passing through its center of gravity. Fig. 1, 
for the sake of illustration, shows the sev^r^l elements with their 

lis 
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centers of gravity in the same axial plane, but it will be understood 
that in reality the centers are variously situated. 

If the individual centrifugal forces with which the elements act 
on the shaft are in equilibrium vnth one another, that is, if for each 
centrifugal force or group of forces, there is another of the same mag- 
nitude but opposite direction, the body will be in running balance. In 
a body "out of balance" the individual centrifugal forces are not in 
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Fig. 1 — ^BODT Divided Into E^lkments 



equilibrium. Balance in such a body is brought about by adding 
material to or removing it from at least three points, thus impressing 
at such points centrifugal forces to hold in equilibrium the numerous 
centrifugal forces distributed along the axis of rotation. The latter 
in magnitude and direction depend upon the eccentricities of the 
centers of gravity of the various elements upon their mass and upon 
the speed of rotation. 

The cross-sections of such a body will be subject to a bending mo- 
ment, increasing, as do the centrifugal forces, with the square of the 
speed. These bending moments due to centrifugal forces serve no use- 
ful purpose. On the contrary, they are decidedly undesirable. The 
capacity of a given size of crankshaft, for instance, to sustain useful 
bending and twisting moments is lowered according to the amount to 
which such centrifugal bending moments are present. Plainly the 
higher the speed of the rotating body, the more important it becomes 
to limit the centrifugal bending moments as much as possible. 

DEFINITIjON OF IDEAL ROTATING BODY 

The ideal rotating body is one of which each element, whatever 
its shape, has its center of gravity on the axis of rotation. In such a 
body none of the elements reacts with a centrifugal force when it 
is rotating. The body is at once in perfect running balance and free 
^rom centrifugal bending moments. It must merely be sufficiently 
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strong to withstand without undue deformation, the forces due to the 
useful work it is performing. 

Such a degree of perfection is of course impossible to attain, but 
we can approach the ideal by so designing a rotating body that each 
cross-section has its center of grravity on the axis of rotation. Owing 
to imperfections in manufacture there will be slight eccentricities of 
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FlO. 2 COUNTBBBAT.ANCBD SINGLB-ThBOW CRANKSHAFT 

the body's elements; the body will be out of balance as it leaves the 
shop, but if the aggregate lack of balance has been corrected by the 
addition or removal of material, the centrifugal bending moments will 
be small. 

A crankshaft cannot be designed as an ideal rotating body. The 
centers of gravity of the crankpin cross-sections will necessarily be 
considerably removed from the axis of rotation. Centrifugal bending 
moments are therefore even theoretically unavoidable, but they can 
be minimized by compensating weights. Let, for instance, Fig. 2 
represent such a counterbalanced double-web single-throw crank- 
shaft. If a portion symmetrical with the crank side is added to the 
counterweighted side of the web, the hatched portion of both webs 
counterbalances the crankpin. Upon rotation, the crankpin is subject 
to centrifugal forces, equally distributed over its length L The resultant 
C of these forces is: C = TF<^r -^ g, wherein W denotes the weight 
of the crankpin, g the acceleration due to gravity, w the angular velocity 
in radians and r the crank length. To compensate for C, the hatched 
portion of each of the crank webs must be capable of exerting a cen- 
trifugal force (C -^ 2), whose point of application will be the center 
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of gravity of the webs. Centrifugal bending moments occur in the 
cross-sections of the webs, as well as of the crankpin, but are of im- 
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Pia. 3 COUNTBRBALANCBD TWO-THROW SINQLE-PLANB CRANKSHAFT 

portance only in the latter. The maximum bending moment (Mh max) 
occurs in the center of the crankpin and will be expressed by 



^*-- = ^ (t+t) 



(1) 



This bending moment must be added to the bending moments or tor- 
sional moments from other causes. It will become smaller, the smaller 
we can make the distance a, which confirms the rule that a cross- 
section of which the center of gravity is eccentric in respect to the 
axis of rotation should be compensated for in a radial plane, as 
closely as possible to the plane of the cross-section. The hatched 
portions of Fig. 2, instead of being equally distributed over the width 
of the webs, should be kept as closely as possible to the inside edges 
of the latter. 

For a two-throw single-plane crankshaft. Fig. 3, the conditions 
are somewhat different. Each of the crankpins is acted on by cen- 
trifugal forces equally distributed over its length and with a result- 
ant C. Both forces C form a couple of which the arm is Z -f ^' ^^ 
order to compensate effectively for forces C, balance weights must be 
placed on the outer webs. The centrifugal forces Ci, to which they 
give rise, must form a couple of the same magnitude but opposed to 
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that due to the forces C. The distance between the forces Cj being 
21 + 2a + b, we find without difficulty 



C, :^ 



C (l + b) 
21 + 2a -^b 



(2) 




Pig. 4 — Static Baj^anob por Onb Element op the Body 



The centrifugal bending moment at a cross-section x of the left-hand 
crankpin will be expressed by 

Cx* 
Mb z=Ct (a + x) -^ (8) 



21 



or substituting for d 



-'{' 



-i} 



(4) 



(a + x) (1 + b) 
21 + 2a + b 

This becomes a maximum when dMb/dx = ; hence by differentiating, 
we find 

" 2l + 2a + b ^ ' 

which determines the cross-section of the crank pin at which the 
greatest centrifugal bending moment occurs. The maximum cen- 
trifugal bending moment is found by substituting for a? in (4) , whence 
we obtain 

(I + 6) (1 + 2a) {l + 2a+ b) 



Mbi 



= C- 



(6) 



2 (21 + 2a + b)^ 

Analyzing this formula, it will again be found that the maximum 
centrifugal bending moment becomes least, when a is made as small 
as possible. Conventional designs of crankshaft consist of a train 
of units according to Figs. 2 or 3, each unit being theoretically bal- 
anced. That is, if there were no errors in the calculation or imper- 
fections in the manufacture, running balance for such crankshafts 
would be a real fact, with the centrifugal bending moments reduced 
to the smallest possible extent. 
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The foregoing emphasizes the fact that in a body as it leaves the 
shop, we can detect, measure and correct only the aggregate lack of 
balance. Unavoidably, the body will be subject to centrifugal bend- 
ing moments, which can be minimized only by proper design and 
careful execution. 

MANIFESTATIONS OF UNBALANCE 

Let us again consider the body. Fig. 1, and apply a well-known law 
of dynamics, of which the first part says that the center of gravity of 
a body moves as if all of the body's mass is concentrated therein. 
Let 8 be the center of gravity of the body at a distance r from the 
axis of rotation; s rotates as if all the mass m of the body is con- 
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PlO. 6 CORRBCnONS POR RUNNING BALANCE IN STATICALLY BALANCED BODT 

centrated therein, and consequently acts on the shaft with a cen- 
trifugal force C = TTita^v, One of the manifestations of unbalance 
in a rotating body is therefore a free centrifugal force, which has its 
point of application in the center of gravity of the body. Obviously, if 
the center of gravity lies on the axis of rotation, it has no motion at 
all and there will be no centrifugal force. 

A body so compensated that its center of gravity lies on the axis 
of rotation is said to be in static or standing balance. Such a body 
when placed with its axis horizontal and in anti-friction bearings, will 
remain stationary in any arbitrary position the body is given. The 
process of static balancing therefore consists in correction for any 
eccentricity in the center of gravity of the body. 

Quite generally, static balance is obtained by rolling the body on 
horizontal ways. The unbalanced body will come to rest with its 
center of gravity vertically below the axis of rotation, and static 
balance is brought about by adding a single weight to the "light side" 
or by removing material from the "heavy side" of the body. Suppose 
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we apply this process with the unbalanced body, Fig. 1, and obtain 
static balance by attaching to its right-hand flange a single weight of 
the required mass. The eccentricity of the center of gravity of the 
body for which we have compensated in this manner, is of course the 
aggregate of the eccentricities of the centers of gravity of its indi- 
vidual elements; that is to say, what we have accomplished in a single 
step is equivalent to compensating at the right-hand flange of the 
body for the eccentricity of the center of gravity of each of the 
elements of the body separately. Let us, in theory, apply this process 
and see the result. 



Fio. 6 — Showino Operating Principle op Cone-Balancing Machine 

Considering for instance the element, Fig. 4, indicated by the 
hatched portion, having a mass m and its center of gravity at a 
distance r from the axis of rotation. In order to compensate for the 
eccentricity of the center of gravity of this element, we require a 
weight at the right-hand flange of the body at a radius n, of which 
the mass mi must satisfy the relation — vu ri = mr. 

When the body rotates, however, there will be a centrifugal force 
(C = m(^r) due to the element, and a centrifugal force (C, = wiiw'r,) 
due to weight mj. These forces, although acting in opposite directions, 
will be equal in magnitude and form a couple. We have consequently 
compensated for the eccentricity of the center of gravity of the 
element, but in doing so introduce a centrifugal couple acting in an 
axial plane. Proceeding in this manner to compensate for the ec- 
centricities of the centers of gravity of the other elements of the 
body, we will introduce as many centrifugal couples as there are 
elements. The resultant of a number of couples is again a single 
couple. Thus, while static balance has been obtained, the body is still 
subject to a centrifugal couple acting in an axial plane. This couple 
has a fixed position relative to the body and rotates with it. 

Let Fig. 5 represent the body as statically balanced and subject 
therefore to the centrifugal couple consisting of two equal but op- 
positely directed forces P, each acting perpendicular to the axis of 
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rotation. What will be necessary to bring about running balance? 
A couple can only be compensated for by another couple acting in the 
same plane, of the same magnitude, but of opposite effect. To impress 
such a corrective couple on the body we evidently must attach in 
the plane of the couple P two weights Wt and w^ placed at such a 
distance from the axis of rotation that they give rise to two equal but 
oppositely directed forces C. Usually these weights are made equal 
and spaced at equal distances from the axis of rotation. Instead of 
adding weights, it is common practice to remove material at opposite 
sides. The body is now in perfect running balance; it will be seen 




Pia. 7 — Force and Centripuqal Couple Actinq on Entirely Unbalanced 

Body 

that the only bearing pressures are those due to its weight or to the 
useful work it is performing, provided of course there are no undue 
deformations that destroy its balance. 

CONDITIONS OF COMPLETE BALANCE 

Summing up, the result of the foregoing is as follows: 
First: Complete running balance in a rotating body can be brought 
about only by two distinct operations, thus securing static and dynamic 
balance. 

Second: Static balance corrects for eccentricity of the center of 
gravity of the body. It can be obtained by adding or removing ma- 
terial at any point in the axial plane containing the center of gravity. 
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Third : After obtaining static balance, the body is still subject to a 
centrifugal couple. 

Fourth: Dynamic balancing serves to eliminate such a couple. 
This can be accomplished only by adding or removing material at two 
points in the plane of the centrifugal couple, one above and the other 
below the axis of rotation, but each situated in a different radial 
plane. 

In the second and fourth conclusions are enumerated the least 
number of corrections to secure running balance in an unbalanced 
body. Any scheme that proposes to employ less will not produce run- 
ning balance. For instance, in the so-called cone-balancing machines 
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Fig. 8 — Rbprbsbntation of Floatino-Bjcarino Baulncino Machine 



for pulleys and the like. Fig. 6, the hub of the body to be balanced is 
fitted with a hollow plug, which adapts it to be carried on top of a 
vertical spindle, cone-shaped at the end. While the body is at rest, 
it is statically balanced by attaching to it a weight A consisting of 
clay or similar material. The body is then rotated at high speed, and 
the weight A is shifted up or down in a vertical line, until it is found 
that at Ai for instance, the body runs fairly true. The lump of clay 
is now replaced by a permanent weight and the body is assumed 
to be in running balance. The endeavor here is to obtain running 
balance by means of a correction at one point only, but since three 
is the required minimum, the method should be rejected. Irre- 
spective of whether the weight is at A or any point vertically below A, 
there is static balance only, and a centrifugal couple that is not com- 
pensated for remains. The magnitude of this centrifugal couple de- 
pends, however, to some extent on the position of the weight, and by 
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shifting this in a vertical line with respect to the body, we can 
determine that position at which the centrifugal couple is a minimum. 
What this machine effects is static balance only, minimizing, however, 
the remaining centrifugal couple; but it never can be used to obtain 
running balance. 

Of course, the smaller the axial dimension of the body, the smaller 
the centrifugal couple tends to become. This will be realized when we 
refer again to the hypothetical method of obtaining static balance in a 
body by compensating for each of its elements individually. In Pig. 
4 the arm of the couple introduced by statically compensating for 
the hatched element is b. The smaller the axial dimension of the 
body, the smaller the arm of each elementary couple becomes, and, 
all things being otherwise alike, the smaller becomes the magni- 




C enter of Gravity 




Fig. 9 — Showing How Body in Floating-Bearing Machine Oscillates 
Around Center of Gravity 



tude of the resultant centrifugal couple. For bodies of small axial 
dimension, such as pulleys and gears, of moderate speed and sup- 
ported on a fairly rigid foundation, the approximate balance, as 
obtainable with the cone machines, may in many instances be sufficient. 
If the body — for all practical purposes— can be considered to be a true 
disk, even ordinary static balance may suffice. 

Since perfect running balance in a body can be obtained only by 
compensating for a free force and a couple, any body that reacts upon 
rotation with a force and a couple, will be a true model of an entirely 
unbalanced body. Such for instance is the body. Fig. 7, consisting of 
two equal weights w and a third weight Wx^ the two weights w being 
attached at different points of the axis of rotation, at opposite sides 
thereof, and at equal radii. Upon rotation the two weights w react 
on the shaft with a centrifugal couple consisting of two equal forces 
C, while the weight tiS reacts with a free force Ci. It will be noted, 
as is universally the case, that the plane of application of the couple 
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is different from that of the force, the former acting in the axial plane 
ABDG and the latter in the plane ABEF, On account of the above 
forces (not considering the weight of the body) the bearings A and B 
act on the shaft with a couple consisting of the forces p in order to 
balance the centrifugal couple, and with forces gi and g, on account of 
the free force Cj. The resultant of these forces is i^ bearing pressure 
P„ at A and P, at B, both rotating with the body and resulting in 
needless wear and a useless expenditure of power to overcome the 
friction. This does not, however, include all the detrimental effects of 
the lack of balance. 

Let it be assumed that the bearings A and B are the crankshaft 
bearings of an automobile engine. The rotating forces P, and P, are 
transmitted through the crankcase fastenings to the frame of the car, 
and the latter, being yieldingly supported on springs, is set in motion. 
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Fig. 10 — Body in Floating-Bearing Type op Machine Vibrating Parallel 

TO Itself 



The forces imparted to the frame continually change in direction with 
the forces Pj and P„ so that the only effects possible under the condi- 
tions are vibrations. Together with these vibrations there occurs a 
loss of power; for the energy that maintains the vibrations must be 
delivered by the engine. Clearly, running balance, at least of the main 
rotating parts in the automobile, is a necessity, requiring, as stated 
before, accurate static as well as dynamic balance. 

Machines can be so designed that both balancing operations can be 
performed on one and the same machine, although in successive steps. 
However, the complications in the design and in the manipulations 
are such, that it is more satisfactory, at least for the present, to 
obtain static and dynamic balance on separate machines. In the fol- 
lowing discussion of the two types of dynamic balancing machines of 
interest to the automobile industry, it will therefore be assumed that 
the body has previously been placed in accurate static balance- 
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FUNCTIONS OF DYNAMIC BALANCING MACHINE 

The functions of a dynamic balancing machine consequently are 
(a) the detection of the lack of dynamic balance; (b) the determina- 
tion of the plane of unbalance, that is, the locating of the plane of the 
disturbing centrifugal couple in the body; and (c) the determination 
of the amount of unbalance, that is, the measuring of the magnitude 
and direction of the above couple. 

In all dynamic balancing machines the body is so supported that 
the centrifugal couple due to the lack of dynamic balance becomes 
manifest in vibrations of the machine. A dynamic balancing machine 
therefore affords an excellent demonstration of what lack of balance 




Pig. 11- 



-CoMPLBX Free Vibrations (No. 1) Consisting of Two <Nos. 2 
AND 3) Harmonic Modes 



can cause if the conditions are favorable. Usually the body while ro- 
tating is free to move in the horizontal plane, so that only the hori- 
zontal component of the centrifugal couple becomes active in exciting 
the vibrations. As will be shown, this component is periodic, and its 
period is the time in which the body completes one revolution. By 
making use of the phenomenon of resonance, that is, by rotating the 
body at such a speed that the period of the couple exciting the vibra- 
tions agrees with the natural period (or one of the natural periods if 
there are more than one) of free vibration of the system, even a small 
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lack of dynamic balance becomes manifest in considerable vibration 
and is easily detected. In this manner a degree of sensitiveness not 
obtainable in any other way is obtained. The extreme sensitiveness 
of this process on the other hand requires that accurate static balance 
of the body shall have been obtained previously. If the static balance 
is imperfect, a free centrifugal force will be acting on the body in 
addition to the couple due to the lack of dynamic balance. This force, 
even if small, is itself capable of exciting considerable vibrations 
when resonance occurs and so would confound the results. 




Fig. 12 — Complex Vibration (No. 2) Consistino of Harmonic Forced 
Vibration (No. 1) Superposed on Free Vibration (No. 1 of Fiq. 11) 

The oldest of the vibrating dynamic balancing machines is the so- 
called floating-bearing machine, shown diagrammatically in Fig. 8. 
The machine derives its name from the peculiar arrangement of the 
bearings, which are held between springs, but are otherwise free to 
move in the horizontal plane. In order to reduce the friction each of 
the bearings is mounted on ball races. Rotation is imparted to the 
body by means of a belt. 

The body being in perfect static balance, it will be subject when 
rotated to a centrifugal couple, consisting of the forces P. Let it be 
assumed that at the instant from which time is counted, the plane of 
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the centrifugal couple is horizontal. A couple, as is known, is con- 
ventionally represented by a vector perpendicular to its plane of 
action. Thus, when XOXy, is the plane of action of the couple at the 
beginning of time, it can be represented in magnitude and direction 
by the vector OC, After a lapse of t seconds, the body and with it 
the plane of the centrifugal couple has rotated through an angle (^t, 
when « denotes the constant angular velocity of the body. The new 
plane of action of the centrifugal couple will be BOBi, and the vector 



Fig. 13 — Norton Balancing Machine (Ploatinq-Bbarino Type) 

OC representing the former will now be directed along OA perpen- 
dicular to BOBt. Angles XOB and YOA are equal to «t. We resolve 
the centrifugal couple, when acting in the plane BOBt, into two com- 
ponents, one in the horizontal and one in the vertical plane. This is 
equivalent to resolving the vector OC when directed along OA into the 
components x and y, which will be 

X = OC sin (ft and y = OC cos at 

whereby x will be the vector representation of the vertical com- 
ponent of the centrifugal couple and y the vector representing the 
horizontal component. The latter tends to produce motion in the ver- 
tical plane, but it is prevented from doing so by the weight of the 
body. The horizontal component of the centrifugal couple (y = OC 
cos cyt) is therefore alone active, and since this component is periodic, 
it will excite vibrations of the body in the horizontal plane. The 
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ability of the body to move in this plane is, however, twofold; it can 
oscillate about its center of gravity as indicated in Fig. 9, as well as 
vibrate parallel to itself between two extreme positions as in Fig. 10. 
The actual motion of the body will therefore in general consist of 
a superposition of the two simple motions of Figs. 9 and 10. On 
account of the twofold freedom to move, there will be two distinct 
modes of free vibration with two distinct periods. Thus, if we hold 
the body in Fig. 8, say at one bearing, pull it forward and then let 
go, the body will execute a complex free vibration that will be the sum 
of two simple harmonic vibrations. 



Pio, 14 — End Vibw of Norton Machine 

In Fig. 11, plotted with time as abscissas and displacements as 
ordinates, curve 1 will be the graph of the displacement of a point of 
the axis of the body from its position of rest as the body vibrates 
freely. The complex curve 1 is, however, the sum of two simple 
harmonic vibrations as depicted by curves 2 and S, the latter being 
. designated as the modes of free vibration. Owing to mechanical 
friction and damping, the free vibration gradually vanishes. 

As the body of Fig. 8 is started from rest vibrations in the hori- 
zontal plane occur simultaneously with the rotation, indicating lack of 
dynamic balance. These vibrations will consist of the complex free 
vibration (curve i. Fig. 11), on which is superposed a forced vibration, 
impressed on the body by the horizontal component of the centrifugal 
couple. When the body has run at constant speed for some time, say 
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half a minute, the free vibration is damped out and a forced vibration 
remains in the horizontal plane while the body rotates. 

The forced vibration, curve 1 of Fig. 12, is a simple harmonic; the 
time t, in which a point of the axis of the body completes a cycle, is 
its period and is equal to the time in which the body makes one 
revolution. At the least change in the speed of rotation, however, the 
free vibration reappears, and the displacement of a point of the axis 
of the body in the horizontal plane will occur according to curve 2 of 
Fig. 12, which is the sum of curves 1 of Figs. 10 and 11. The free 
vibration will again disappear after the speed is constant for some 




Driving 
.Pulley 



Pig. 15 — Swing of Pendulums in Ploatinq-Bbaring Machine 

length of time, to reappear at the next change in the speed of rota- 
tion and so on. 

FLOATING-BEARING TYPE OP APPARATUS 

With the effect of change of speed in mind we shall now 
discuss a floating-bearing type* of apparatus, namely the Norton 
machine, shown in Figs. 13 and 14. The body to be balanced 
is carried on rollers situated at the ends of two or more ver- 
tically adjustable rods, which at their lower ends are supported 
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on vertically adjustable cups. Where the rods pass through the 
stands, they are held at the front and back between rubber blocks, 
which provide the necessary elasticity to permit the rods to vibrate 
like vertical pendulums in a vertical plane, perpendicular to the axis 
of the machine. Rotation is imparted to the body through a motor- 
driven auxiliary shaft, to which the body is belted. The source of 
mechanical friction opposing the vibrations is mostly in the cup sup- 
porting the vertical pendulums and is due to the weight of the body 



FiQ. 16 — Akimoff Type of Dynamic Balancing Machine 

and the belt tension. This friction could be entirely eliminated by 
substituting for the rods flat springs, clamped at their lower ends. 
There is, however, one particularly objectionable feature in the gen- 
eral arrangement, and to bring out the point, we refer to the end- 
view of the machine in Fig. 15, showing the belt drive and also one 
of the pendulums in its extreme left-hand position. In the position 
shown, the resultant belt-tension T has a moment in respect to the 
point 0. This moment must be overcome by the centrifugal couple of 
unbalance, and unless the amount of unbalance is sufficient to do so, 
the machine cannot show lack of balance when it actually exists. The 
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adjustment of the belt tension is entirely within the pleasure of the 
operator; in fact, every time that the body is taken from the machine 
for a correction for balance and replaced again to test the effect of 
the correction, the belt has to be slacked off and readjusted, with no 
Cruarantee of just what the amount of belt tension is after each test. 
The vibration of each pendulum between the positions Oa and 
06 (Fig. 16), causes periodic lifting and lowering of the end of the 
body that it supports, as well as a periodic increase and decrease in 
the belt tension, owing to the variation of the distance between belt 
centers. The result is still further complication of the motion of the 
body. For the purpose of illustration, Fig. 15 is an exaggeration of 
the actual conditions. It must be appreciated, however, that the small- 
est amount of unbalance that can be detected is that just capable of 
exciting vibrations against the resistance due to mechanical friction 
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•piQ. 17 — Showing Operating Principle of Akimoff Machine 

or other interfering forces. A high degree of sensitiveness in a 
machine can be accomplished only by avoiding painstakingly in its 
design all effects that tend to interfere with the free action of those 
forces that it is the object to detect. 

In the Norton machine the vibrations of the pendulums are com- 
municated to long pointers visible in Fig. 14. It sometimes so happens 
that one of the pointers is at rest while the other vibrates; this has 
given rise to the unfortunate notion that the body is balanced "at one 
end." It is hardly necessary to say that a body is either in balance 
or out of balance and that there should be no room for such expres- 
sions as "balance at one end." As long as the body vibrates, no 
matter whether all points of its axis move or one remains stationary, 
the body is out of balance. 

Lack of dynamic balance having been disclosed by the vibrations, 
the next step consists in the determination of the plane of unbalance. 
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For this purpose a stylus, placed on a level with the body, see Fig. 14, 
is gradually advanced and quickly withdrawn as it touches the body. 
Supposing that the stylus touches the shaft of the body in a single 
point; at the instant when this takes place, the point (call it a) of 
the axis of the body that is the center of cross-section passing through 
the marking point will be at its maximum displacement in the hori- 
zontal plane. An axial plane passing through the marking point and 
rotating with the body will be the plane of maximum amplitude for 
the point (a) of the axis. Whenever this plane coincides with the 
horizontal, the point (a) will be at its greatest amplitude, provided, 
however, that only the forced vibration is impressed on the body. 
The forced vibration, as has been stated before, is a simple harmonic 

/Vibrafmg^ Bed 




Fig. 18— Hinge Used in Akimoff Balancing Machine 

wherein each cycle is a repetition of the preceding one (see curve i. 
Fig. 12) . At the least variation in the speed of rotation of the body, 
the forced vibration will be superposed by the complex free vibration, 
curve 1 of Fig. 11, and the result will be a complex vibration as shown 
in Fig. 12, curve 2, wherein each cycle differs materially from the pre- 
cedidg one. Should we, therefore, at a time that free vibrations 
are present, try to mark a point on the shaft, say for two or three 
succeeding revolutions, we would each time mark a different point. 

In the floating-bearing machine, consequently, the plane of maxi- 
mum amplitude for a given point of the axis of the body is only in- 
variable when the speed of rotation has remained constant for some 
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lengrth of time, that is, after the free vibrations have died out. When 
such is the case, there is a definite angle of lead or lag between the 
planes of the centrifugal couple exciting the vibrations and the plane 
of maximum amplitude. This lead or lag is due to the damping forces, 
that is, in the Norton machine it is due to the molecular friction of 
the rubber blocks as they are compressed and extended by the motion 
of the pendulums. 

Effect of Damping Forces 

That damping forces are always the cause of a phase difference 
between the displacements and the exciting force is easily demon- 
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Pio. 19 — Construction of Six-Rod Cage on Akimoff Machine 



strated. Let a force P acting on a free body of mass m cause a 
vibration as expressed by 



« = A sin hi 



(7) 



whence its speed will be i; = d8-^c2t = A6cos6^ and its acceleration 
a = dv -^ d^ = — A 6* sin hi. The damping force Pd is proportional 
and of opposite direction to the speed. Therefore Pd = — /v = 
— Ahf cos hi. The resultant force P -{■ P^ acting on the body is P — 
Abf cos bt. But according to Newton, resultant force equals mass 
times acceleration ; hence P — A6/ cos 6t = — Ab*m sin bt; whence 
P = — Ab (bm sin bt — f cos bt) . When tan q = f -^ bm, this can be 
written as 



Pz=^^Bin (bt + 180 — q). 
cosq 



(8) 



Comparing (7) with (8), it will be seen that there is a phase dif- 
ference (in degrees) of 180 — q between the displacement s and the 
exciting force P. To calculate the angle of lead or lag is out of the 
question, but if we reverse the direction of rotation o£ the body, again 
mark a point with the stylus, and so determine the plane of maximum 
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amplitude for the reversed rotation, the plane of the centrifugal 
couple will be the plane bisecting the angle between the two planes of 
maximum amplitude, provided: First, that the second point marked 
on the shaft lies on the same cross-section as the first. In practice the 
marking points generally lie on cross-sections H in. or so apart, 
introducing a slight error. Second, that the speed of rotation was 
exactly the same in both directions. Third, that at reversal of motion 
no change occurs in the mechanical friction, belt tension, or damping 
forces; as otherwise the angle between the planes of maximum 
amplitude and the plane of the centrifugal couple will not be the same 
for either direction of rotation, even though the speed had been the 
same in each case. Fourth, that the marking is done each time when 
free vibrations are positively absent. 

It will be seen from the foregoing that the so-called high-spot 
method cannot yield uniform results, as too many conditions have to 
be satisfied in each case. In particular, when marking the body, there 
is not the least indication whether free vibrations are present. To 
start these it is only necessary that the driving motor change slightly 
in speed, and, as is known, all commercial motors are subject to 
speed variations following changes in the voltage or frequency of the 
current skipply. 

In the foregoing it has been assumed for the sake of simplicity 
that a single point is marked on the body. As a matter of fact a 
line of more or less length is obtained, whereupon it is arbitrarily 
assumed that it is the center of this line that determines the plane of 
maximum amplitude. 

Determining Amount of Unbalance 
Having located the plane of unbalance with a greater or less 
degree of accuracy, the next step consists in the determination of the 
amount of unbalance. Strictly speaking no such determination is 
attempted in the Norton machine, but in the plane of unbalance, by 
cut-and-try, weights are added or material is removed until vibrations 
of the body vanish. The objection to this process is that it can never 
be done methodically, and that it requires considerable time even in 
the hands of an experienced operator. 

When the body is long and slender, as is a six-throw crankshaft, 
Fig. 10, the body is supported on a third pendulum as a guard against 
possible deformations. This arrangement is open to criticism, for un- 
less the body remains supported on three points in all the possible mo- 
tions that it can execute, the purpose of the additional support is de- 
feated. Apparently the body can vibrate parallel to itself to and fro, 
and the support is still on three points. However, in the oscillations of 
the body, the two outer pendulums move in opposite directions, one 
toward and the other away from us. While the body oscillates, the 
middle pdndulum can never move in such a manner that the support- 
ing ends t>f the three pendulums are always in a straight line. If the 
centrifugal forces are actually sufficient to spring the shaft, they will 
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do SO notwithstanding the precautions to prevent just such a con- 
tingency. 

IMPROVED BALANCING METHODS 

The construction of the Norton machine today is nearly the same 
as it was over a decade ago. Since then improvements in the art 
have been made, notably by Doctor Lavaczeck in Germany. The 
highest development to date is attained in the Akimoff machine, 
which not only locates precisely the plane of the disturbing centrif- 
ugal couple, but actually measures — what no other balancing 
machine does — the magnitude of this couple and determines its direc- 
tion. The machine is shown in Fig. 16, but its operation will be 
understood more clearly from the sketch in Fig. 17. 

A bed is hinged at A and supported on a spring at B. The 
body to be balanced is placed on stands on the bed, which are 
adjustable lengthwise, and rotation is imparted by a motor hung 
underneath. The machine with body, motor, etc., can only vibrate 
about a horizontal axis passing through A. The motor drive 
is self-contained with the vibrating bed and body. In such a design 
there are absolutely no disturbing forces due to the drive. In 
addition all mechanical friction tending to impede the vibrations is 
eliminated. This is attained by the hinge shown in Fig. 18. The 
vibrating bed is supported on a T-shaped steel block B. A sufficient 
reduction in its cross-section makes A in effect an elastic hinge around 
which the oscillations take place. The elimination of all sliding metal 
parts at the hinge removes all mechanical friction. The sensitiveness 
of the machine is therefore of the highest possible order. 

The couple due to the lack of dynamic balance is measured by the 
artificial introduction of a known counter-effect capable of causing 
the former to vanish. For this purpose the machine is provided with 
a cage (shown in Figs. 16, 17 and 19) which rotates at the same 
speed as the body. It consists of two or more disks, carrying an 
even number of accurately-finished rods (usually six or eight) dia- 
metrically opposite each other; each of the rods can be displaced in 
an axial direction while the machine is in operation. The large 
number of rods is provided only to facilitate the manipulations, as 
only two rods are actually required. Supposing then for the sake of 
simplicity that the cage — as in Fig. 17 — carries two rods, normally 
opposite each other, in which position cage and rods form a per- 
fectly balanced body. 

When one of these rods is displaced axially relative to the other 
rod, as indicated by the dotted lines in Figr. 17. the static balance is 
not disturbed; but a centrifugal couple is introduced in the plane of 
the two rods, the magnitude of which depends on their relative dis- 
placement. The plane of the centrifugal couple of unbalance of the 
body is fixed within the latter. Owing to the train of gears that causes 
the body and the cage to rotate at the same speed, the plane of the two 
rods has a definite position relative to the body and therefore also 
relative to the plane of unbalance. If we so construct the cage 
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that it can be advanced or retarded angularly, the plane of the centri- 
fugal couple introduced by the axial displacement of its rods can be 
given any desired phase in respect to the plane of the centrifugal 
couple of unbalance. The couple artificially introduced by the cage 
can therefore also be brought in exact opposition with the centrifugal 
couple of unbalance. 

Operation of the Machine 

The body is placed on the machine with the cage in its neutral 
position. Upon imparting rotation to the body the machine bed 
vibrates, indicating lack of balance. The rods are then axially dis- 
placed and simultaneously the cage is advanced or retarded angularly, 
as the case may be, until the vibrations vanish. When this occurs 
the couple artificially introduced by the cage must be exactly equal 
and opposite in its action to the centrifugal couple of unbalance in 
the body. The plane of unbalance will therefore be the plane passing 
through the axis of the body and parallel to the plane of the two 
rods. To mark this plane on the tody, we turn the body by hand 
until the plane of the two rods is vertical, when the vertical plane 
passing through the axis of the body will be the plane of un- 
balance. The direction of the centrifugal couple of unbalance is 
evident from the relative position of the rods, since it must be op- 
positely directed to the couple introduced by the cage. The amount of 
unbalance, that is, the magnitude of the centrifugal couple of un- 
balance, is at once determined by measuring the axial displacement 
of the rods relative to each other and from the known weight of the 
rods per unit length. 

Changes in the speed of the driving motor affect the body as well 
as the cage in exactly the same manner. As long as free vibrations 
are present, no possible adjustment of the cage can cause the vibra- 
tions of the machine bed to vanish. Therefore, neither changes in the 
speed of the driving motor, nor free vibrations from whatsoever 
causes, can affect the accuracy of the results. This ingenious method 
excludes all possibility of error, for no reliance is placed on marking 
points and no rotation in two directions at cscactly the same speed is 
required. When the cage is so adjusted as to cause the vibrations of 
the machine bed to vanish, the position of the rods in the cage be- 
comes at once the indicator for the plane, for the magnitude and for 
the direction of the centrifugal couple of unbalance, leaving nothing 
to chance or to cut-and-try methods. 

This method has still another advantage; it permits of a well or- 
ganized and accurate system for the removal of material in the plane 
of unbalance. The points at which material can be removed from each 
body are limited. Once these are determined, tables are furnished 
with the machine, so that the operator, by merely reading the axial 
displacement on the graduated rods, can find at once the size of drill 
to be used and the depth of hole to be drilled. 
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Introduction of Artificial Couples 

A cage with two rods can be used for cylindrical bodies, but is not 
suitable for such bodies as three-plane crankshafts. The material in 
such shafts can be removed only at the crank webs, that is, virtually 
in three planes only. For such purpose a cage with six rods is 
required. Axial displacements of the rods 1 and J^, t and 5, S and 6 
(see Fig. 19) introduce centrifugal couples in the planes AA^ BB and 
CG respectively. If at the beginning the cage is adjusted so that the 
plane AA is parallel to one of the planes of the crankshaft, BB and 
CC will necessarily be parallel to its two other planes, and by giving 
axial displacements to the rods we can artificially introduce centri- 
fugal couples in each of the three planes of the crankshaft. This is 
particularly valuable in case the plane of unbalance happens to be so 
situated between two of the crankshaft planes that no material 
'therein can be removed. 

Let us suppose, for instance, that XX (Fig. 19) is a plane 
parallel to the plane of unbalance, so that in order to cause the vibra- 
tions of the machine bed to vanish a couple must be introduced by the 
cage in the plane XX opposed to the centrifugal couple of unbalance. 
This can be accomplished by giving axial displacements to the rods 
1 and ^, as well as the rods 2 and 5, thus introducing couples in the 
planes AA as well as BB, By adjusting these displacements properly, 
the resultant of the two couples can be made to act in the plane XX 
and to be of the proper magnitude and direction to neutralize the 
centrifugal couple of unbalance. The correction for unbalance will 
then have to be applied in those planes of the crankshaft parallel to 
AA and BB. When the location of the plane of unbalance is such 
that no material can be removed, a multi-rod cage permits the location 
of two or more other planes, wherein corrections for unbalance can 
be so applied that their combined effect is the same as if these cor- 
rections had been applied directly in the plane of unbalance. In any 
other dynamic balancing machine, if the plane of unbalance proves to 
be a plane from which no material can be removed or to which it can 
be added, cut-and-try methods must be used to determine the two or 
more other planes wherein corrections are possible. 

On the Akimoff machine it is easy to check to see whether accurate 
static balance has been obtained previously. This is done as follows: 
The cage is first so adjusted that the body can rotate without vibra- 
tions of the machine bed, next the body on the machine is shifted 
say some 10 or 12 in. toward the hinge without changing the rela- 
tion between body and cage, and rotation is again imparted to the 
body. If it is in static balance, no vibrations will occur; if not the 
machine will disclose the fact by vibrating. In the latter case a free 
centrifugal force will act on the body in addition to the centrifugal 
couple. The change in position of the body does not affect the couple, 
but it causes a change in the lever of the free centrifugal force with 
respect to the hinge, resulting in renewed vibrations. 
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Finally, a most valuable feature of the machine is the fact that it 
permits iJie testing and correction of a body for unbalance in its 
natural position and in its own bearings. Thus a crankshaft can be 
balanced in its own crankcase, as shown in Fig. 16. This in turn 
suggests i^nother important field for the machine, which should prove 
to be of particular value to the automobile industry. The machine 
can be readily adapted to receive a complete automobile engine and 
from its manifestations valuable data can be obtained in regard to 
the effect of vibration caused by the reciprocating parts. 



DISCUSSION 

F. Hymans: — We must necessarily be fully acquainted with the 
reactions that take place when a rigid body rotates about a fixed axis. 
These are simple and easily remembered. They are: If an unbalanced 
body rotates about a fixed axis it reacts on its shaft with a free 
centrifugal force, which has its point of application in the center of 
gravity of the body; and with a centrifugal couple, acting in an axial 
plane, which is different from the axial plane that contains the free 
centrifugal force. Balance in a body can be obtained only in two 
steps, namely, by static balance and by dynamic balance. Static 
balance corrects for eccentricity of the center of gravity of the body. 
It can be obtained by adding or removing material in at least one 
single point of the body. If the body is statically balanced there 
still remains at rotation a centrifugal couple. Dynamic balance 
serves to eliminate the centrifugal couple; it can be obtained by adding 
or removing material at two different points, situated in the plane of 
the centrifugal couple, one above the axis and one below the axis 
of rotation. In short, then, in an unbalanced body we must compen- 
sate for a free force and for a couple by means of corrections in at 
least three different points. 

The difficulties in the design of a dynamic balancing machine are 
perhaps best illustrated by the fact that there are to-day only three 
types that have been developed into practical machines. The oldest of 
them is the floating-bearing type, represented in this country by the 
Norton balancing machine. About three years ago Doctor La- 
vaczeck, a German, placed on the market a dynamic balancing 
machine which was a decided improvement on the floating-bearing 
machine. The blue ribbon, so to speak, returned to this country, how- 
ever, when Mr. Akimoff invented his ingenious machine. I have also 
devoted several pages to the Norton machine since improvements are 
never so well appreciated as when contrasted with the older methods. 

Delmar . G. Roos : — We have had an Akimoff machine in oper- 
ation now for something over four months, running alongside a Norton 
machine. Our reason for adopting this type of machine was because 
of the difficulties that we encountered in the floating-bearing type. 

One of the difficulties with the floating-bearing type of machine 
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grows out of the fact that since the phase displacement between the 
impressed forces and the actual displacement of the body occurs at 
very low speed, the body actually tends to rotate with the heavy side 
in and the light side actually flies out. The workman is never certain 
whether the heavy or the light side is running out; at one time he may 
be marking the light side and another time the heavy side. At the best 
it was a tedious process, requiring a man with a certain amount of 
balancing intuition. If he happened to go on a strike or get lost we 
ceased balancing crankshafts for a while until he came back. We 
therefore welcomed the advent of a machine on which such a thing 
as an accurate balance could be obtained in a scientific way. 

We split up the operations into four divisions. First, one man 
statically balances the crankshaft and he is able to balance all our 
crankshafts for us statically. Of course, our output is not large, and 
the number of shafts we have to balance is nowhere near the capacity 
of the dynamic balancing machine. 

We find that one man can indicate the plane of unbalance and 
locate the points at which we should drill the crankshaft in order to 
secure proper dynamic balance in fifteen minutes at the most. In the 
second operation the shafts are balanced in the crankcase, scraped in 
in the bearings, just as they go in the finished engine. The third 
operation is to drill the shaft. The fourth operation is to check the 
dynamic balance again. 

This latter we do not find necessary because the machine does the 
work so well. The actual operation of securing dynamic balance con- 
sists of putting the crankcase on the machine with the crankshaft in 
it. The speed of the machine is controlled by a rheostat. There is a 
speed indicator, also a small indicator for indicating the amplitude of 
vibration of the bed of the machine. The operator varies the speed of 
the machine until a speed of resonance occurs and the vibration is at 
its maximum. This is very easily determined. 

In this particular machine it is in the neighborhood of 400 r.p.m. 
When that speed has been reached he then begins to correct the vibra- 
tions of the machine with the balancing. gage. He does it with the 
horizontal bars of the gage. These bars are in phase with the three 
planes of the crank-arm, each pair of bars corresponding to a pair of 
crank-arms in the same plane. 

We find that it is always possible to correct the dynamic balance 
in either one of two or three planes. Sometimes it can be done in one 
plane but always in two. We have never found it necessary to correct 
in three planes. 

After the operator has slid these bars until the amplitude of vibra- 
tion has reached practically nothing on the indicator he stops the ma- 
chine and reads the displacement of the bars in inches. These bars 
are of known weight and are marked off with a scale so that the dis- 
placement can be read easily. The operator is supplied with a table 
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that tells him where to drill. Say, for instance, the plane of unbalance 
is found to correspond to crank cheek No. 1, the table would tell him 
to drill crank cheek No. 1 and crank cheeks Nos. 8 and 9, we will say 
for a %-in. drill to a certain depth. He has no choice in the matter and 
he cannot go wrong. He passes the shaft to another man, who drills 
as directed. The drilling is always done in the center-line of the 
crankpin. The results obtained by the machine are really remarkable 
in smoothing up the action of the engine. 

The machine is so accurate that it becomes necessary in order to 
obtain the full benefit of it to balance all the reciprocating parts 
within close limits. We balance our connecting-rods by machining 
them all over and holding the weight to plus or minus 1/16 oz. and 
holding the center of percussion of the rod within just as close limits 
as a man can measure. We also hold the piston within these limits and 
the result of all these things made possible by this machine is to make 
the operation of our engines more smooth. 

I disagree with the remarks in Mr. Hyman's paper relating to the 
pin type of balancing machine, because it is a good and practical way 
of balancing flywheels. The reason why is clearly explained in his 
paper, namely, that as a disk-like body is approached more nearly 
running balance and static balance almost coincide. I presume that 
is why we are able to get a very good running balance on our flywheels 
in this way. We are preparing fixtures so that we can balance our fly- 
wheels on the dynamic balancing machine. 

N. W. Akimoff: — In developing the dynamic balancing machine 
my main object was to produce something that would be of immediate, 
tangible value to the automobile engineer and manufacturer. The 
machine was worked out by pure deduction, that is, having the main 
object in inind I tried to solve the problem in a logical analytical way, 
and not by piecing things together or assuming that this or that was 
so and so. However, the machine as finally designed was found to be 
of such simplicity that any workman could easily grasp the method of 
operation. Then by absorbing the working data and tables all mental 
work on his part could be eliminated. Such tables are of greatest 
value and of course should form part of each machine. 

A very refined static balancing machine can be made on a prac- 
tically similar principle, although for crankshafts it appears as though 
plain balancing t<;a2/s would be sufficient; at any rate the static bal- 
ance is the main part of the problem, the longest and the most tedious 
one. Dynamic balance proper can be obtained quickly and with little 
effort, especially if fixtures have been provided for drilling holes or 
grinding metal off without any delay. 

It should be thoroughly understood, however, that such a machine 
can accomplish only dynamic balance proper; that is, elimination of 
the centrifugal couple. There are several other sources of vibrations, 
such as lack of balance in the reciprocating end of the mechanism, 
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Structural weakness of the shaft or the underf rame, and last but not 
least, the torsional vibrations of the shaft. 

While the subject is exceedingly difficult it is capable of rational 
treatment. The substance is this : according to the simplified method, 
which I have worked out, a crankshaft possesses not an infinite num- 
ber of degrees of freedom, but just seven degrees (speaking of a six- 
cylinder shaft) and consequently also seven main modes of free tor- 
sional oscillation. These modes are not related in the ratio 1:2:3, 
etc., as one may think at first, but can be derived from a most com- 
plicated so-called detrimental equation of the fourteenth degree. 

The research engineer's problem is to so proportion the cheeks 
and other elements as to secure immunity from vibrations in the in- 
terval between the two severest modes ; it is possible to do so, although 
it takes about four to five weeks to work the thing out. All this is a 
special problem, which I am mentioning here only to caution against 
confusing the effect of torsional vibrations with that of dynamic un- 
balance, which one would be apt to do. 

Another thing on which I cannot insist too much is that providing 
a shaft with counterweights and securing dynamic balance are two 
entirely different things. Many engineers seem to think that a shaft 
with counterweights is necessarily a balanced one; of course this is 
absolutely wrong, as is also the belief that excellence of material or 
workmanship is a remedy against dynamic unbalance. A forged fiy- 
wheel or a piece of straight shaft, turned and ground, may require 
correction for dynamic balance, let alone a complicated affair like a 
six-throw crankshaft. 
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REMARKS ON DYNAMICS OF THE 
AUTOMOBILE 

By N. W. Akimoff 
(Member of the Society) 

Abstract 

The author believes that an incompatibility exists be- 
tween the results achieved in this country by the growth of 
the automobile industry and the almost complete lack of 
rational data on the most essential elements of kinetics 
relating to the modem automobile. 

He submits considerations that can be used in establishing 
a rational theory of spring suspension in general. A few 
words are devoted to the first principles of dynamics of 
springs, to damping, kinematic features of harmonic motion, 
energy consumption and shock absorbers. 

All introductory problem, involving an imaginary one- 
wheel ''elemental car'', meant for purely inductive purposes, 
is then analyzed. Finally the main problem is presented in 
^e form of an analysis of a skeleton-car, spring-suspended 
and simplified as much as possible. 



INTRODUCTION 

The technical literature of the world is not superabundant as re- 
gards the subject of dynamics of the automobile. A great deal of 
work has been done by French engineers, especially by M. Marie, on 
dynamics of railway rolling stock, but there the problem is much 
different, and in fact much easier than that relating to automobiles. 
In looking over various transactions of automobile-engineering soci- 
eties the author finds that they contain only opinions on such im- 
portant questions as suspension, kinematics of vibratory motion, fric- 
tion in springs and absorbers. These opinions would no doubt be of 
value were it not for the fact that they are about evenly divided into 
two classes, the claims of which are diametrically opposed. 

It does not appear that any definite conclusions have been reached 
regarding friction, for instance. Good authorities claim positively 
Uiat friction in springs is absolutely necessary, while other equally 
prominent engineers deny just as positively the necessity for such 
friction and suggest abundant lubrication of leaves as a remedy for 
hard-riding springs. 

A definition of ''easy riding" has never been agreed upon. Some 
engineets feel that the amplitude of oscillation should be reduced; 
others that the period should be kept down. The author will try to 
show tiiat it is the n^merical value of linear up-and-down acceleration 
that makes riding hard or easy. 

141 
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Shock absorbers constitute another point on which no verdict has 
been reached so far. Some of the best engineers oppose this or that 
type of absorber; yet, under certain conditions, any impartial observer 
must admit that a car provided with absorbers actually rides better. 

When it comes to the next step, the all-important question of 
suspension, we have no theories and no systematic tests; just a few 
isolated reports that no logic can cement into a solid principle on 
which to work. Does the cantilever spring ride better? Does a 
long wheelbase make the car easier riding? If the cantilever spring 
rides better, this is not due to any of its characteristic properties, such 
as greater deflection; but can be explained by a seemingly secondary 
circumstance, the method of its connection with the frame. The 
wheelbase has only an indirect effect in solving the problem of easy 
riding. 

SOME PROPERTIES OF SPRINGS 

A spring can oscillate about its position of rest, with a cer- 
tain period (meaning time for motion from say middej po- 
sition to one extreme, then to the other and back to starting 
point T =z2ir y^/g where T is the period* in seconds ;* 2ir = 6.28 ; 
5 is the initial (static) deflection, expressed in feet; g = 32.2 ft. per 
sec. per sec. 

Such an oscillation will be a damped one and will have a tendency 
to die out after a certain interval of time. The damping is due to 
friction of various kinds. It is not necessarily due to air friction, 
because a vibrating rod (or reed) will come to rest in a vacuum; not 
necessarily due to actual rubbing friction alone (as in leaf springs), 
but, to a considerable extent, to some sort of a molecular action, 
always resulting in a temperature increase, and which can be shown 
to be approximately proportional to the velocity. 

But what most engineers do not realize are the following prop- 
erties of damped oscillations : if the friction is constant, the ainplitude 
of motion decreases, but the period remains unchanged (barring, ol 
course, the extreme cases of abnormal damping). If the damping is 
proportional to velocity, then the period is only slightly increased; so 
little, in fact, that here, too, it can be considered unaffected; while the 
amplitude decreases. 

All this refers to so-called free vibrations of a. spring, plucked or 
given an impulse and let go. A spring subject to any periodic action, 
actuated, for example, by some sort of a connection with ah un- 
balanced engine, will vibrate precisely at the rate of the latter. This 
constitutes what is known as forced vibration. .Just as soon as it is 
freed from the influence of the periodic force the spring quickly 
converts the forced vibration (with a strange period) into a free 



•An instantaneous method has been proposed by the author for finding the 
period in one setting of the slide-rule ; see American Machinist, Aug. 24. 1916, 
p. 318. 
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vibration of its own natural period, depending solely upon the initial 
stretch it had under its load. All this holds good only for such 
cases as that of a spring arranged vertically and supporting a 
weight. Under no circumstances can the formula be applied to a 
case of a body rocking about one end and spring-supported on the 
other. This might introduce an error as great as 100 per cent or 
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PiQ. 1 — Method op Determining When Passenger and Seat Will Separate 

more, and an entirely new formula would have to be derived. This 
has been actually verified by the author in connection with a dynamic 
balancing machine that he originated. (See author's book, "Lagrange's 
Equations.") To date no one seems to have noticed the absurdity of 
applying the plain pendular formula to questions of automobile sus- 
pension, involving rocking or pitching. 

SEPARATION OF PASSENGER AND SEAT 

From the kinematics of vibrating motion we can find under what 
conditions the passenger will be thrown from a seat vibrating ac- 
cording to a plain pendular law. The author suggests the following 
simple method: assuming (Fig. 1) that the time-velocity curve has 
been calculated, the axis of time being laid off to a scale eight times 
that of velocities, the passenger will leave the seat at such a point 
that the tangent a-6 will form with the axis i an angle of 76 deg. 
If no such tangent* can be drawn, the passenger will remain in contact 
with the seat. 



•Such a tangent would mean that the velocity of the seat is less than that 
of a tossed-up body ; the latter velocity, as is well known. Is, Vo — 32. 2t, 
Where Vo 4s the initial velocity. This represents a straight line forming an 
ahfele w|U%ithe time axis whose tangent is 32.2. If the scales of time and 
velocity aF« the same, this angle would be very nearly 90 deg. For this 
reausoh it is best to increase the scale of time. 
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The passenger's weight (pressure) on the seat will depend entirely 
upon the acceleration during his movement up or down. The numer- 
ical value of this varying weight will be P (1 ± a/32), where P is 
the original weight in pounds, and a is the acceleration in feet per 
second per second, the sign + referring to upward and the sign — to 
downward motion. The passenger's muscles are constantly adjusting 
themselves to the continually varying weight, according to this simple 
formula, and it is precisely this constant relaxation and contraction 
that makes hard riding so objectionable. Large amplitudes alone do 
not matter; long periods help materially, since they decrease the 
acceleration. The maximum value of acceleration can be figured from 

OCm = 0.011 a n* 
where a is the maximum swing (amplitude) in feet and n is the num- 
ber of oscillations per minute.* 

Mention should be made here of an apparently strange, although 
easily accounted for, behavior of springs as shock-transmitting ele- 
ments. Fig. 2 represents a weight W supported by an ordinary spring 
scale B. A small weight w rests upon the removable platform p, 
being connected to the larger weight by the string «. The experi- 
ment consists in adjusting the relative weights and the heights of w 
and W so that the dropping of the former from p will not affect the 
scale B. This can be readily accomplished if the string is unyielding 
enough. We now replace a by an elastic string or a light coil-spring; 
the same weight w dropped from the same height p will now affect the 
pointer of the scale B. The practical explanation is that in the first 
case the impulse is wholly absorbed (and destroyed) by the string a; 
it has no time to reach the upper end of W. In the case of the coil- 
spring the falling weight is allowed to perform a certain amount of 
work; the tension is at once equalized all along the spring and has 
time to reach the scale B. Conditions can therefore be imagined 
readily such that a coil-spring shock-absorber would transmit to the 
body an impulse that would not be felt otherwise. 

The objection to frictional shock absorbers (it applies also to the 
friction of spring leaves proper) appears to be that in climbing up a 
bump the action of the spring is retarded, thus throwing a certain 
amount of extra load on the tire (and the spring), already overloaded 
owing to the upward impulse due to the obstacle. In allowing the 
compressed spring to come gently to its normal position, the absorber 
performs its useful work, provided the action is not delayed too much. 
This delay would indeed decrease the adhesion, and another bump 
could follow the first; a paralyzed spring would not act well on the 
latter. 

When the wheel drops into a pocket or depression of any sort we 



•Every pendular motion is expressed by some such law as « = a cos at, 
where s is the deflection from neutral position ; a the amplitude ; and a the 
angular velocity of the representative point describing a correspohding Oirde. 
Deriving this time we have the acceleration — cPa ~ dt!' = a«» cos (wf, the 
maximtun value of which Is am = aw» = o t» n« -i- 30* = O.Oll aiHK 
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have the reverse conditions; the absorber retards the descent of the 
wheel (thus decreasing adhesion) and does its best work in restoring 
the wheel to its normal position, although here, too, the action should 
not be delayed too much. It is evident that these actions are contra- 
dictory. What we would like to have is an absorber that is inert 
ii^hf^n the wheel goes over a bump and active in coming down; also 
inert when the wheel goes down into a hole and active in restoring 
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Fio. 2 — ^Demonstrating 
Sprino Behavior 

it to its normal position. It does not appear possible for any ab* 
sorber to answer these requirements. The absorber does its best 
work on a comparatively even road, in preventing the rocking (pitch- 
ing) oscillations that on some cars are exceedingly annoying .and 
seem to be set up without any reason whatsoever. This same result 
can be obtained by a more rational suspension. 

The author recalls a most curious fact; a well known low-priced 
car of 1915 model had its suspension so well proportioned that any 
one could easily believe that an unusually efficient absorber had been 
provided to secure such beautiful riding qualities. The best plan 
would have been to leave well-enough alone; instead the makers "im- 
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proved" the suspension and the next year's model was decidedly in- 
ferior SO far as riding qualities were concerned. This shows that it 
is possible to secure good suspension without any absorber whatever, 
and also how elusive the problem of suspension seems to be. 

What surprises the author most is that the fight between the 
champions and the antagonists of absorbers is progressing on alto- 
gether wrong grounds. Just how is the car body apt to oscillate under 
different conditions? Surely not as if the car were sawed in half, 
transversely, each half moving up or down and being taken care of 
by its own spring and its own absorber. Just how the problem should 
be approached will be shown later. 

It is not my intention to present a complete analysis of the in- 
fluences of a set of impulses on a car. This not only would be difficult, 
but also quite meaningless, because no general deductions could pos- 
sibly be made from any theories advanced on so broad a subject. But 
regardless of all theories it is always possible to imagine two or three 
successive holes in the road of such shape and so located that they 
will break any spring with corresponding effect upon the car; and 
such that their effect cannot be possibly counteracted by any absorber 
or suspension. 

What actually can be done is to consider various modes of- free 
oscillations of the body. An impulse sets up free vibrations in the 
car; and often on an apparently well-kept road a car will not ride 
well. It is as if some invisible influences were synchronizing with the 
"favorite" free oscillations of the car to produce the worst results. 
This question of free periods of a car has been so completely over- 
looked that it will be well to consider a specially conceived problem. 

ELEMENTAL SUSPENSION SYSTEM 

Imagine an elemental "car" Fig. 3, consisting of one wheel s, pro- 
vided with a pneumatic tire T, The platform m represents the up- 
sprung weight, M is the sprung weight, S being the spring supporting 
it. If the platform m is steady, the natural period of the up-and-down 
oscillation of M will he T = 2ir VA/32 where A is the initial static de- 
flection of the spring S under its load M, The tire itself is to a cer- 
tain degree elastic and is capable of oscillations of its own. By 
reference to reliable tests* it can be ascertained that an inflated tire 
gives the same straight line in the load-deflection diagram as does any 
spring; also, the oscillations of a tire possess the same character of 
damped periodic motion as any other elastic body; the only exception 
being that the tire is much stiffer than the spring, say 15 times. 
For example, a load of 100 lb. will then deflect the average spring 15 
times as much as it will the corresponding average tire. It is not the 
numerical value of this ratio that interests us just at present, how- 

•See La Technique Automobile et A6rienne, Jan. 15, 1914, p. 12, and Feb 
15» 1914, p. 32. 
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ever, but the fact that this elemental system is doubly elastic or 
possesses t^o degrees of freedom^ as a mathematician would say. 
This at once suggests the similarity of the problem to the well 
known problem in dynamics of the double spring, Fig. 4, which has 
been worked out elsewhere. 

The conclusions are that there will be two independent modes of 
vibration in such a system. One mode will comprise simultaneous 
oscillations of both weights, possessing the same period, both moving 





FiQ. 5 — Skeleton Car Assumed to Possess Onlt Lbnqth and Height 

up or down at the same time, although the amplitude of the lower 
weight M will be greater than that of the upper weight m. The sec- 
ond natural mode will be such that both weights move in opposite 
directions, although with the same period, but through a much shorter 
amplitude than before. Neither the short nor the long period is the 
same as they would be if the weight M alone vibrated on its spring 
S. This shows how inadequate is the pendular formula if directly 
applied to the problem of natural oscillations of the car, even of the 
simplified car we are considering. In general the motion of the 
weights. Fig. 4, will be compounded of the two typical modes just 
mentioned, and might appear exceedingly complicated, although in 
reality it consists of twu simple pendular motions superimposed. 

An automobile can vibrate in a number of different ways, the 
main modes of oscillations being plung^ing (straight oscillations up- 
and-down), rolling (about a longitudinal axis) and pitching (about a 
transverse axis). The secondary vibrations are yawing, fore-and-aft 
swinging and transverse swinging. In order not to complicate the 
problem too much, we shall consider a skeleton car, Fig. 5, possessing 
but two dimensions, length and height. The only chief modes of oscil- 
lation will be plunging and pitching. The tires will be supposed to be 
non-elastic, as the contrary assumption would complicate the prob- 
lem greatly, adding several degrees of freedom. The springs are both 
alike and the body is assumed to be symmetrical with respect to a 
vertical axis through its center. The mathematical operations by 
which both free periods of oscillation can be found is given in the 
author's book on Lagrange's Equations, in which chapter V is de- 
voted to oscillations and to free periods. In fact Lagrange's method 
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of solving problems of dynamics in a nearly automatic manner is 
specially valuable in its application to the problem of vibrations of 
all sorts. 

The periods for the specific problem have been found to be: For 
plunging, 7> = 2w VWff; for pitching, Tp = 2ir y/i/g~y/2J?Jf, where 
< is the initial (static) deflection of each spring under its load; g is 
32.2; k the radi\is of gyration about the center of oscillation; and I 
the wheelbase. 

DEDUCTIONS FROM PERIOD FORMULA 

The plunging period, aside from giving an idea as to its relation to 
the pitching period, is of no special interest. But the formula for 
pitching period suggests: 

First: The weight proper of the car does not enter directly and is 
only implied by th6 initial static deflection of the springs. This de- 
flection however is quite as characteristic of the springs as it is of the 
weight. 

Second: The distribution of the weight appears to be of im- 
portance, as is evidenced by the radius of gyration Ap, to which the 
period is directly proportional. In other words, to secure easy riding 
(slow period of pitching) the loads should be placed as far as possible 
from the center of the car. The mere fact that they give the same 
deflection does not in itself preclude the possibility of entirely different 
effects due to load distribution. 

Third: The wheelbase should be kept as short as possible, because 
the period is inversely proportional to its length. This of course does 
not mean that it should be reduced to ridiculous proportions; the 
practical requirements of safety, static stability and appearance will 
at once fix limits in this respect; but these will be lower limits, for 
each type of car. It can likewise be shown that the linear up-and- 
down acceleration of the extreme points of the car, such as the rear 
seat, is practically proportional to the third power of the wheelbase; 
hence another reason why this dimension should be kept short. 

Fourth: If a car wiUi a large wheelbase rides easily, this is not 
due to the wheelbase itself, but to the fact that its larger value means 
a larger car, in general, a larger body and possibly a greater radius 
of gyration. It is possible to imagine a case in which the wheelbase 
has been increased and the weight distribution and the radius of gy- 
ration, in fact the whole body, has been left unchanged. Such a car, 
other things being equal, will not ride so well. 

Fifth: As regards the cantilever-spring arrangement the true 
explanation seems to be easy enough. Assuming that we have two 
identical cars, the wheelbase, initial (static) spring deflection and 
everything else being the same, one provided with cantilever springs 
and the other, say, with full-elliptic springs. If the cantilever ar- 
rangement gives better riding qualities, the reason lies in the fact 
that the spring is fastened more closely to the center of the body, 
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thus giving the same effect as would a reduced wheelbase, that is, a 
slower period of pitching. 

AUTHOR'S CONCLUSION 

Put into concrete form, these deductions would result in a modified 
and rational design of the suspension. A suspension built along such 
lines will include much better kinematic means for allowing the car 
to swing in the manner required, than seems to be used in the majority 
of cars today. 

The shock absorbers would have to be modified to act in accordance 
with these requirements. They would have to take care of the pitch- 
ing action, which in a rational design will have been made as slow 
as possible. Efforts to modify other effects of the shocks ^ould have 
to be dropped. No shock absorber can help here, except in particu- 
larly special cases; the reasons have been previously outlined. 

In conclusion, lest any misunderstanding should arise, the author 
will once more emphasize his request that the spirit of this paper and 
not separate lines or words be absorbed and commented upon. The 
author does not deny the fact that some of the easiest riding cars 
have extremely long wheelbases; others, although having a short 
wheelbase, ride unbearably. He does not mean to say that a wheelbase 
of 120 in. will necessarily give a better riding car than one say, of 
135 in., but he does believe that it is possible to secure and to account 
for such a result. 

DISCUSSION 
Prof. S. E. Slocum: — ^In my opinion, the important features of 
this paper consist in two statements: 

The first is to the effect that the quality of hard or easy riding is 
dependent on the vertical acceleration as given by the formula 

a = 0.011 a n* 
where a denotes the amplitude and n is the frequency of the motion. 
Since the frequency n is the reciprocal of the period T, this relation 
may also be written 

a 
a = 0.011 — 

r 

From this it is apparent that to secure easy riding qualities it is de- 
sirable to make the amplitude of the motion small, but still more 
essential to make the period large. 

The second important statement is that the principal period is 
given by the formula 






2 T = C 

where C denotes the constant part of the expression. As this formula 
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is the gist of the whole discussion, it is a matter of regret that at 
least the outline of its derivation is not given. 

It seems clear however that certain general conclusions can be 
drawn from these formulas as to what constitutes an easy riding 
spring. For example, a full elliptic spring will have twice the ampli- 
tude of a half-elliptic spring under the same conditions, but as the 
static deflection 5 is also twice as great for the full as for the half 
elliptic, the linear acceleration a is the same for either type. A canti- 
lever spring, however, must be twice as strong for the same load as an 
elliptic spring of double the length, and is therefore correspondingly 
stiffer. This tends to reduce the value of the amplitude a, although 
this effect is offset to a certain extent by a similar reduction in the 
static deflection S, 

The most important factor in securing easy riding is evidently the 
radius of gyration A;. Although this quantity is not clearly defined 
in the article under discussion, I understand it to mean the radius of 
gyration of the total live and dead load with respect to the instan- 
taneous center of oscillation at any instant. This evidently increases 
rapidly with an increase in weight of car and passengers. Also for a 
heavy type of car, the weight of passengers is relatively smaller as 
compared with the total weight than for a lighter type of the same 
carrying capacity, and consequently the riding qualities of the heavier 
car are more uniform under various conditions of loading. 

As regards shortening the wheelbase, I am reminded of the anec- 
dote of the optimistic agent who claimed that the riding qualities 
of his car were 100 per cent better than those of cars of other makes 
because the wheelbase was so short that all four wheels took the bump 
simultaneously. 

The actual distance between axles is determined largely by the 
type of body and engine, but, as Mr. Akifnoff points out, the effect of a 
shorter wheelbase can be secured by using a cantilever rear spring 
attached to the chassis in front of the axle instead of directly over it. 
The front spring however must project in front of the axle to secure 
the trailing, or so-called ''castor'' effect, essential to ease in steering. 

The article as a whole opens up an important field by paving the 
way for experimental investigation of the problem. It would make for 
progress in this direction if the Society of Automobile Engineers 
should authorize a competent engineer to conduct a series of tests 
based on a rational analysis of spring suspension, and submit the 
results in a form available for manufacturing purposes. The ex- 
pense of such an investigation would be negligible when divided up 
among the members of the Society, while the results would eliminate 
costly guess work, and undoubtedly standardize the design of springs. 

Herbert Chase: — The following discussion,* was recently con- 
tributed to a French automobile paper, by Henri J. Burtart, and is of 
direct interest in connection with Mr. Akimoff's paper : 



•La Pratique Automobile, Dec. 15, 1916, p. 5104. 
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The question of the suspension has become the most important 
among the incessant improvements that contribute to comfort. While 
a number of manufacturers have seriously studied the springs that 
should be employed, many have not even glanced at this problem, 
which has become really important. 

At the moment when passing over an obstacle a person seated in 
a vehicle feels the increase or decrease of the pressure between his 
body and the cushions. That which is disagreeable is the instant dur- 
ing which this change of pressure is produced, and not the magnitude 
of the change of pressure itself. One could in effect be lifted per- 
ceptibly, that is, feel a great increase of pressure between the body 
and the seat without the sensation becoming disagreeable, while a 
smaller increase in the pressure, which lifted the body very much less, 
would give the sensation of a shock. This is due to the fact that in the 
first case the change in pressure was relatively less rapid than in the 
latter case. The springs will therefore be so much the better the more 
they prolong the duration of the change of pressure between the seat 
and its occupant. 

When a wheel of the vehicle passes over an obstruction, the axle is 
lifted first and the rapidity of its upward motion depends on the speed 
of the vehicle; the chassis will only be lifted an instant later, and 
to a smaller degree, and as much less quickly the better the spring. 

If one studies this problem by separating the actions that are pro- 
duced, one can prove first of all that the axle is lifted at a greater 
speed than the chassis, while the upward pressure of the spring and 
the retarding effort presented by the friction of the leaves with each 
other have a tendency to add to the lifting of the chassis. An interval 
thereafter the chassis and the axle are lifted at the same speed; at 
precisely this instant, just as if there were no springs, there is no 
relative displacement produced of the chassis with respect to the axle. 
After that the chassis is lifted more quickly than the axle, but im- 
mediately, the retarding effort due to the friction of the leaves on each 
other changes this tendency and tends then to retard the chassis, that 
is, to counteract the lifting of the latter. It results from the examina- 
tion of these three phases, that to avoid a too brisk variation in the 
speed of the ascending movement of the chassis, one must diminish 
as much as possible the friction that causes this variation. 

With some types of shock absorbers which progressively increase 
the value of the friction, the object sought would be attained for the 
small deflections, as the value of the friction will remain a minimum ; 
but in the case of considerable deflections, as the value of the friction 
is more considerable than when using a spring alone, the jolts will be 
rather increased. 

It is necessary to grease carefully the leaves of the springs to avoid 
excessive friction. It is also necessary to adopt flat springs, as this is 
the best form for a diminished friction during the deformations. 
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A friction shock absorber . does not present any other advantag^e 
than to permit the use of a weaker spring; in other words, the result 
obtained is bad if one uses a friction shock absorber without changing 
the springs supplied by the manufacturer. 

The liquid shock absorbers would not present the same difficulties 
as the friction shock absorbers, but unhappily the viscosity of the 
glycerine varies considerably with the temperature. Naturally this 
rises very materially in the shock absorber when the vehicle is travel- 
ing over a bad road. With oil, in cold weather, one risks breaking the 
whole device when starting, if the oil is solidified. 

There are also in existence shock absorbers that are placed at the 
end of the leaves. They increase the amplitude of the oscillations, 
acting in the same manner as if the springs had been made weaker; 
they can therefore only present a real advantage in the case where 
the springs provided by the manufacturer are too stiff. These last 
mentioned shock absorbers do not introduce any friction, but, on the 
contrary, they have a tendency to diminish the value of the friction 
proper of the spring itself. 

It may be more advantageous to adopt these last mentioned ab- 
sorbers in combination with springs somewhat stiff, instead of retain- 
ing rather weak springs, because, as we have seen, the value of the 
friction on the whole structure can be reduced. Besides, the shock 
absorbers so placed diminish the shocks due to the friction proper of 
the spring. 

In practice it has been observed that the frequency of the oscilla- 
tions of a spring should be between 76 and 100 per min. The smaller 
this number the better the suspension. The manner of measuring the 
frequency is very simple; step on the running-board of an empty car, 
balancing it up and down and taking care to accompany the movements 
of the oscillations so obtained with the body. Count the number of 
oscillations per minute that can be obtained. 

In principle, if one can accompany the oscillating movements, the 
suspension is good, for it is impossible to follow the flexions beyond 
100 per minute. If the suspension is too stiff, the feeling will be 
evident at once that the muscular movements cannot accompany those 
of the springs. 
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AERIAL NAVIGATION OVER WATER 

By Elmer A. Sperry 
(Member of the Society) 

Abstract 

The author calls attention to the unreliability of the mag- 
netic compass when used for aerial navigation and to the 
possible development of the gyroscopic compass for this pur- 
pose. He then explains how the drift of an airplane in flight 
makes it difficult to follow with accuracy a eiven course 
devoid of landmarks, unless an accurate drift indicator using 
the principle of the stroboscope is available. 

The development of such an instrument is then described, 
as are also means for synchronizing it with the compass. 
The use of the automatic synchronized instrument in night 
over land is outlined, and its application to flight over water 
is described in considerable detail. Rules for aerial naviga- 
tion over water, observation as to movement of wave crest 
and determination of wind velocity and direction are con- 
sidered in their relation to the use of the instrument. 



The author, because of the development and practical application 
pf his gyro-compass, has been brought to consider, more or less 
broadly, the whole science of navigation. For many decades past, 
this science has been one of high exactitude, limited only by the 
accuracy of the instruments used in obtaining its ground work or in 
giving it its base lines. 

It has long been known that the magnetic compass is unreliable; 
as ships represent greater and greater masses of steel, this inac- 
curacy has become more and more aggravated. Methods of checking 
its accuracy have been diligently sought for and made as nearly per- 
fect as possible. These, however, depend upon observations and fail 
usually just at the time they are most needed ; namely, when observa- 
tions of the heavenly bodies are impossible. All this emphasizes 
strongly the desirability of an instrument of precision that will func- 
tion as a compass. The adaptation of the gyroscope is found to 
fulfill this satisfactorily. 

UMITATIONS OF MAGNETIC COMPASS 

Among the difficulties met in using the magnetic compass in the 
air is that known as the heeling error. When a magnetic compass 
is used on airplanes, and the machine is even mildly ''banked," and 
persists in such- a position for an appreciable period, the heeling 
error is found to be of such magnitude as to render the compass 
useless. In some instances it will amount to 360 deg., or around the 
entire circle, giving no clue whatever to the aviator as to the true 
azimuth, or where to stop on the turn and straighten out into the 
tangent. Thus the compass fails him utterly at just the critical 
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time when it is most needed. After the tangent is persisted in for 
a sufficiently long time for the compass to settle, then and then only 
does it again become useful. 

Moreover, the lag or tardiness of action of the magnetic compass 
is a serious drawback. The magnetic compass, to be reliable, we 
find, must be of the so-called liquid type; upon spiralling and making 
two or three turns the liquid is found to take up the swivelling mo- 
tion, carrying the card with it round and round, and becoming a 
serious disturbing factor for some time after the airplane straightens 
out on ths tangent. This is not meant to imply that the magnetic 
compass is not an extremely useful instrument upon aircraft, but for 
best results it should be understood by the aviator and not relied 
upon when conditions are such that it is impossible for it to function. 

This condition has become so aggravating that the United States 
Navy is ordering a gyroscopic compass to be employed on airplanes. 
By extreme refinement in execution and design it is expected by the 
Navy Department that the weight of this instrument will be reduced 
to 20 or 30 lb. 

When one is navigating the air and holding an absolutely true 
course, that is. with the lubber line of the compass precisely upon the 
desired heading in azimuth, the direction of flight coincides with this 
heading, under the condition of absence of movement of the medium, 
namely the atmosphere, through which the flight takes place. At 
first thought, one would think that at the moment the medium itself 
was moving, and especially when this movement was normal or at a 
small angle to the direction of flight, the compass would instantly 
indicate the resulting deviation from the true course. This concep- 
tion, however, is not correct. 

An aviator can hold his course true to the compass and still be 
following a course having a wide angle of deviation from the course 
in which he thinks he is flying. For instance, Carlstrom, in his note- 
worthy flight from Chicago to New York (equipped with instruments 
described later), found he was drifting 17% deg., when flying over 
Cleveland; his apparent coarse had to be changed to this extent to 
neutralize drift and to maintain the true direction along the south 
shore of Lake Erie. This angle was given him by his drift set, 
which, although not indispensable, he used throughout his flight. 
Carlstrom, however, had the shore line and general land marks to 
aid in his guidance. The case would have been different had he 
been flying at sea out of sight of land, where no land marks could 
possibly be seen. Then certain aids to navigation are indispensable, 
and it is the province of this paper to discuss briefly some general 
aspects of these instruments and their uses, no effort being made to 
present a mathematical or an exhaustive treatise on the subject. 

DETERMINATION OP DRIFT 

Let us assume an airplane maintaining a compass course due 
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north with the lubber line of the compass maintained at zero on the 
card, and for the moment the compass properly functions without 
variation or deviation. In still air the course of this machine over 
the surface of the earth will be north. But suppose, wholly without 



Pig. 1 — Early Form op Drift Indicator 

the knowledge of the aviator, the medium in which he is flying is it- 
self in motion toward the east with a velocity equal to that of the 
aircraft. It is quite evident that, although he holds his course with 
exactitude, the craft itself is passing over the surface of the earth 
on a diagonal, that is, his actual course is northeast; the easterly 
component of his course depends upon the eastward velocity of the 
medium. Again, if this velocity be half of that of the aircraft, 
then his real course is 22% deg., or "north-northeast." The ques- 
tion arises: how is the pilot to obtain this knowledge, or knowledge 
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that he is drifting at all, so as to make the necessary correction of 
course in the absence of landmarks or other indications to guide 
him? 

A device, worked out by the author some time ago to give pilots 
this knowledge, has now come into general use, and is found to 
perform its function satisfactorily. Fig. 1 shows an earlier form of 
this device, in which a series of moving observing tubes acted as a 
stroboscope. By the backward movement of these tubes a point upon 
the earth's surface could be made to appear as though it stood still; 
the backwardly moving point of persistence of vision being exactly 
equal to the forward advance of the machine. Knowing the angular 
velocity of these vision tubes, or simple telescopes, and the altitude, 
the actual speed over the earth's surface was at once obtained. 
When compared with the anemometer speed, that is, the real speed of 
flight through the atmosphere, a clew was at once available as to 
the actual movements of the atmosphere itself. 

This instrument was then carried a step further. The telescopes 
were furnished with cross-hairs and mounted upon a swiveling barfe 
with a pointer B moving over an azimuth scale C When the slow 
motion of the telescopes was arrested and one telescope furnished 
with one or more fore-and-aft cross-hairs pointed directly down- 
ward, it was found easy to make a peculiar reading known as 
the "stream-line observation." 

When one is looking downward at the surface of the earth, through 
a tube or telescope, if, instead of looking for specific objects, he 
simply observes the passage of all objects across the field of the tube 
or telescope, he at once becomes conscious of the passage of all of 
these objects taking place in certain clearly-defined parallel lines, 
which I have termed "stream-lines." When one gets somewhat 
familiar with this kind of observation, he can see almost 
nothing but these stream-lines, and the nearer the surface or greater 
the speed, the more tense and clearly-defined these lines become. 
Now, if a good, heavy cross-hair be stretched across the tube or tele^ 
scope, and the tube be made so that it can be rotated upon its major 
axis, then it is found easily possible so to rotate the tube as to bring 
the cross-hair exactly coincident or parallel with the stream-lines. 

The rotating tube or telescope is furnished with a stationary scale, 
the zero of which is coincident with the longitudinal axis of the air- 
craft. By taking readings on this scale with a pointer on the tube 
opposite the cross-hair, it becomes easy to determine the angle be- 
tween the stream-lines and the major axis of the aircraft, since the 
latter always lies in the apparent direction of flight, the angle being 
between the stream-lines, or actual direction of flight, and the air- 
craft. The determination of such an angle as this is extremely use- 
ful, as it at once gives the aviator a clew as to what change to make 
in his course so that his direction of flight is such as to neutralize the 
drift of the medium through which he is flying, his actual course 
being thus brought into exact harmony with the direction required to 
reach his destination. 
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In securing this parallelism the pointer B is swung upon the scale 
C and the angle of drift in degrees can be immediately read on 
the scale from the longitudinal axis of the aircraft. Many surprises 
are in store for the pilot or observer when he first makes this ob- 
servation, as he often is certain that it cannot be correct. He can- 
rot believe it possible from his compass heading, to which he is hold- 



Pig. 2 — Drift Indicator in Use bt Navigator 

ing with great accuracy, that he is actually making headway at so 
large an angle from its readings. And if he has had experience at 
sea with the compass, this impression is all the more startling, be- 
cause it is always true that a ship is traveling practically on the 
exact course indicated by its compass. But here the pilot is holding 
his course absolutely true to the compass, and yet the drift indicator 
shows a quite different condition of affairs; namely, that he is actu- 
ally traveling at a considerable angle to his supposed course. 

Fig. 2 shows the instrument described mounted upon an airplane 
and being used by the observer. The observer in this instance is 
Captain Greagh-Osborne, R. N., head of the Hydrographic Office of 
the British Admiralty. The pilot is Lieutenant Towers, U. S. N. 

With the earlier instruments the pilot would change his course 
ana by trial in error finally reach a flight heading on the compass 
card, resulting in actual headway of the aircraft along the true 
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course; that is, along the line that he was originally instructed to 
pursue to reach the desired destination. 

Thus it will be seen that the accurate determination of drift is an 
important factor in aerial navigation. It is true that observations 
are somewhat more difficult at great heights and over rough water, 



Pig. S — New Type op Drift Indicator 

but one soon becomes accustomed to obtaining a mean reading, which 
is found to be very accurate. It has also been definitely ascertained 
that when flying with the automatic pilot, with which side dis- 
turbances are practically eliminated, the stream-line observation be-' 
comes very much simplified and accurate at practically all altitudes. 

THE SYNCHRONIZED DRIFT SET 

A later form of the apparatus is shown in Fig. 3, in which a 
single stationary telescope, provided with the cross-hairs, is em- 
ployed for the moving series of telescopes, inasmuch as the drift 
factor is found to be of far more importance than the actual speed 
of advance with reference to the earth's surface. 

In Fig. 4 is shown a drift compass with an adjustable lubber line 
and with a little tiller wheel extending from the side of the case, by 
means of which the lubber line is set from the indications upon the 
scale C of the drift indicator. The scale upon the bezel of the com- 
pass is used for reading the deflection of the lubber line. Care must 
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be taken in moving the lubber line to be sure that its setting is cor- 
rect as to direction, and that it is not set on the right side of the 
zero when it should be on the left. 

A pilot, especially when without the automatic pilot and work- 
ing alone, has enough cares without the added one of worrying 
whether the compass has been accurately synchronized with the 



FiQ. 4 — Drift Compass With Adjustable Lubber Line 

drift indicator, and whether the direction of the adjustment is also 
correct. So the idea was conceived of coupling them mechanically, in 
order that they might be at all times automatically synchronized. The 
combined instrument, namely, the synchronized drift-set has now be- 
come the most useful form of the apparatus and the one most widely 
adopted. In this instrument the most minute azimuth movement in- 
troduced by the observer at once causes a corresponding alteration of 
the position of the lubber line of the compass, thus eliminating the 
possibility of error either in the direction of this movement or in its 
exact amount. This is found very practical, inasmuch as it vastly 
simplifies the pilot's operation, he needing only to continue without 
change to hold the lubber line upon the originally selected point on 
the compass card. The fact that the lubber line is displaced, especi- 
ally if under the control of the observer, is something with which the 
pilot has nothing to do and is not concerned — he simply continues on 
his original compass course. This arrangement automatically intro- 
duces all of the deviations in course to correct fully for drift, and is 
found to save much valuable time and fuel, and to allow the pilot to 
reach his destination by a true meridional course. With the actual 
drift known and corrected for, the correction that should be given the 
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anemometer speed, which is always known to the operator, can be de- 
termined easily. Thus he has all the knowledge of the actual forward 
advance that is roughly necessary in short flights. 

Fig. 5 shows the synchronized drift set with the observing tele- 
scope tp the left, the compass to the right, and the compass lubber 
line thrown around 30 deg. from the longitudinal axis of the air- 
craft indicated by the zero on the scale shown on the bezel. When 
the observer and the pilot sit in tandem relation in the aircraft, then 



PiQ. 5 — Synchronized Drift Set (Observing Telescope at Left) 

it becomes desirable that each have a compass. Fig. 6 shows a set 
in which two compasses are synchronized by means of a single drift 
indicator. 

It is always wise to note the direction of the wind before starting, 
and also something as to the length of the wave, that is, the distance 
from wave crest to wave crest. 

In leaving the surface of the water, it should also be the duty of 
the personnel to see that the aneroid is adjusted exactly on zero. 
This observation should also be made whenever the plane is brought 
close to the surface, thus eliminating effects of changes in barometer 
in determining actual heights. The uses of these observations will 
be presently apparent. Let us now divide the problem of speed con- 
trol into two classes. 
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In the first class stroboscope methods are used. One form 
of the stroboscope is shown above in Fig. 1. Another instrument 
working upon this principle is illustrated in Fig. 7. Still another 
simpler form is in course of being developed for the U. S. service. 
The speed with reference to the surface of the earth can be ascer- 
tained with a good degree of accuracy over water. It is, of course, 
necessary to know the movement of the sea, or, rather, its ap- 
parent movement, as for instance, the movement of the wave crest. 



FiQ. 6 — Synchronized Drift Set With Two Compasses 

In every instance the actual angular velocity of the stroboscope, or 
of the apparent passage of the earth's surface, and the careful read- 
ing of the aneroid are used as prime factors. 

The second class is where a close approximation of the actual speed 
can be ascertained quickly. Using the anemometer speed as a base, 
we determine whether the actual speed is the same as, or greater or 
less than the anemometer speed, and also obtain a close approxima- 
tion of how much the variation is. It is assumed that the anemometer 
speed is always available to the navigator. A good anemometer is 
known to possess a high degree of accuracy. 

When the wave crests are small and cannot be seen directly, the 
same telescope that is used to ascertain the stream-line directions 
can be employed to observe the direction of the wave crest. Fig. 8 
is a reproduction of a photograph taken from a considerable altitude, 
and shows how clearly visible these wave crests are. They are an 
indicator of two valuable factors : First, from their length from crest 
to crest we can ascertain their speed; and second, their direction 
always lies directly normal to that of the wind. The waves shown in 
Fig. 8 are about 10 ft. from crest to crest, giving us a velocity of 7.2 
ft. per sec. It might be difficult to know in which direction these waves 
are moving, but with the conditions such as in Fig. 8, there is the 
simplest possible clew consisting of the vapors flowing from the 
funnels of the two small craft shown. The line of these vapors is 
to be normal to the line of the wave crests. 
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Bearing these points in mind, the following rules can be applied 
to aerial navigation : 

1. Note on which side of the keel line or longitudinal axis of the 
aircraft lies the actual or true course, or on which side of the zero 
on the bezel of the drift compass lies the adjustable lubber line. This 
is the ''drift side," and can, of course, be to the right or to the left. 
(The zero on the bezel indicates the keel line.) 



Fig. 7 — Speed Indicator Using Stroboscope Method 



2. Note closely the apparent alignment of the wave crests while 
the aircraft is being maintained on its course. 

3. Note the relative angle between the wave crests and the keel 
line, and also between the wave crests and the ''drift line," or the 
alignment of the adjustable lubber line. 

With these observations well in hand, the following deductions 
can be made: 

a. If the crests lie within the angle between the keel line and the 
drift line, then the real speed is approximately identical with the 
anemometer speed. If these crests exactly bisect this angle, then 
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the real speed on the actual course is exactly the anemometer speed. 

b. If the aft ends of the crests be toward the drift side, then the 
actual speed over the earth's surface is always greater than the 
anemometer speed, because of an abaft wind. 

c. If the aft ends of the crests are away from the drift side to a 
g^reater extent than is the true course angle or drift line, then the 
actual speed is always smaller or less than the anemometer speed, 
because of head wind. 

d. If the crests lie exactly at right angles to the keel line, of 



Fig. 8 — Wave Crests Viewed From Airplane 

course no drift angle exists, and the stream-lines lie parallel to the 
keel. However, it is always known which way the wind is blowing, 
from observations made before starting (which have been referred 
to)» and in this manner we at once know whether we are passing 
over the surface of the earth at a faster or a slower speed than that 
indicated by the anemometer. Suppose, however, the navigator should 
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have mislaid his data or forgotten the direction of the wind or its 
true azimuth. A clew to the direction can be obtained as follows: 
Change the course sufficiently to make the stream-lines veer away 
from the keel line. If the leading ends of the stream-lines are seen 
to move to the left for a right turn, the wind is a following wind, 
^.nd if they move to the right for a right turn it is a head wind. Of 
course, for a left turn just the reverse is true. As to whether the 
velocity is great or little can easily be judged from the sea conditions. 
In Figs. 9 and 10, 6 is the forward part of a flying boat in out- 
line; k is the keel line; I is the lubber line; c is the compass card. 
The zero on the compass bezel is on the keel line; sl indicates the 
stream lines and their direction; p is the point on the compass card 
indicating the desired direction of flight. In Pig. 10 I and V indi- 
cate the "drift line," or true course. 

MOVEMENTS OF THE> WAVE CRESTS 

As a still further refinement in ascertaining speed and direc- 
tion, account should be taken of the movement of the wave crests, 
themselves. This can ordinarily be found by determining the length 
between the crests, inasmuch as the velocity varies about as the 
square root of the wave length or distance between crests; the 
velocity in feet per second equals the wave length in feet at a point 
where each is expressed by the figure 5% — ^to be accurate, 5.123 — 
that is, when these measure the distance from crest to crest, their 
velocity is also 5.123 ft. per sec. The 10-ft. wave shown in Fig. 8 
would therefore have a velocity of about 7.2 ft. per sec. 

We know the approximate length of this wave, having observed it 
before leaving the v^'ater; but if this has not been done, we can 
ascertain the length by dropping down near enough to the surface 
o| the water to get a fairly accurate determination of the mean 
|ei{)gths between wave crests, taking this opportunity also to note 
thtft the aneroid is at zero. Having thus determined the velocity of 
ihe ^ave crests, we proceed to determine the necessary corrections. 

- Corrections for Movement 

With reference to the speed, a correction should be made in pro- 
portion to the sine of the angle between the wave crest and the 
stream-line. To obtain the actual speed over the earth's surf ace^ we 
should add the speed of the wave crests to the speeds obtained by 
stroboscopic methods in all cases of following wind, and subtract in 
case of head wind. The amounts that are subtracted are equal to 
the velocity of the wave crests only when the wave crests are at 
right angles to the stream-lines. At other angles the velocities sub- 
tracted or added are as the sine of the angle between the wave 
cresta and the stream-line. 

In order to find the influence of the moving wave crests on the 
apparent direction of the stream-lines, the angle between the stream- 
lines and the wave crests should be determined; and starting with the 
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position where the stream-lines and wave crests lie parallel to each 
other, as being the condition of maximum correction, we derive this 
correction from the known velocity of the wave crests. The correction, 
it should b^ remembered, is an angular correction to be applied to the 
apparent direction of the stream-line, resulting in a refinement of 
heading which gives the true meridional course to the point of des- 
tination. 





Fios. 9 AND 10 — Outline of Front Part of Fltino Boat 



This correction is always proportional to the ratio of the velocities 
of wave crests and aircraft determined, say by stroboscopic methods 
or by the anemometer, after the proper corrections have been applied. 
When the wave crests and stream-lines are parallel, this ratio is 
applied directly. When other angles obtain, the correction should be 
multiplied by the cosine of the angle between the wave crests and 
the stream-lines. 

One factor now remains, that is, as to whether the correction is 
to be applied clockwise or anti-clockwise. Assuming the observer js 
facing the direction of the stream-line or actual flight, then if the 
wind is from the right the correction should be counter-clockwise, 
and if -from his left the correction should be clockwise. 
. There are a number of other interesting aids to navigation of air- 
craft, such as clinometers, gyroscopic base lines, and artificial hori* 
zona, banking indicators, angle of incidence indicators, and the like, 
but their uses are apparent and need little explanation. 
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PAPERS PRESENTED AT AERONAU- 
TIC SESSION OF THE SOCIETY 

STANDARDIZATION OF METAL PARTS 
FOR AERONAUTIC USE 

F. G. DiFPiN 
(Associate Member of the Society) 

The subject of standardization of airplane parts is a broad one. 
The growth of the aeronautic industry has been exceedingly rapid 
and in the immediate future will be tremendous. It itf my confident 
belief that its size and importance will rank closely "with those of 
the automobile. It is therefore of paramount importance that imme- 
diate and intelligent action be taken by recognized authorities toward 
the definite standardization of parts. As my aeronautic experience 
has been entirely in the manufacture of metal parts and fittings, I 
am confining my remarks to existing conditions and to recommenda- 
tions toward their permanent betterment. 

First, let me enumerate the bulk of troubles now met by parts 
manufacturers and passed along manyf old to airplane manufacturers. 
Of screw-machine products alone, on a well-known type of machine, 
there are over 3,000 separate parts. Many of these call for from 
two or three to. as many as ten operations looking to their comple- 
tion. While the majority of manufacturers run somewhat along the 
same line in their specifications, we have to-day orders foF one specific 
size of bolt, for practically the same use on various makes of machines, 
calling for the use of six different metals. We are asked also to 
make this bolt in over sixty different lengths; practically the same 
condition exists in eight different diameters. It will thus be seen 
that should such s|)ecifications become general it would be necessary 
on hex head bolts alone for us to manufacture 2,880 separate items 
in order to fill airplane requirements. It is my belief that fully 
75 per cent of these specifications can be eliminated. 

An additional bolt complication id the varying thickness of head 
called for by the different manufacturers. There can be only one 
head that is necessary, that is, the head with the necessary thickness 
to give a proper factor of safety. Any additional thickness is super- 
fluous and adds materially to wind resistance and weight; while a 
thinner head is dangerous. 

VARIETY OP PARTS 

We are asked to furnish several hundred different rod and yoke- 
end pins — ^in fact, nearly a thousand separate items involving various 
diameters, lengths, different size of cotter-pin hole, different radii 
on the nose and different radii and thicknesses on the heads. 

166 
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We are asked to make many different thicknesses of castle nuts, 
neaTly all being for the same purpose. Some call for cold-rolled 
steel with and without case-hardening and others for nickel steel. 
Some of these specificalions can be eliminated. Machining ci nidLol- 
steel castle nuts is one of the most difficult operations we have had 
to contend with; we are frank to state that we are by no means 
satisfied with the results obtained so far; and we are not fuUy con- 
fident that entirely satisfactory results can be obtained. The diffi- 
culty pertains to the cutting of a true thread. 

We are asked to manufacture various other parts, such as eye- 
bolts, shackles, terminals, of various sizes ; and other parts too numer- 
ous \o mention; all to a wide range of specifications. It is obvious 
of course, to all men expert in aeronautics that the ultimate uses are 
the same; it is of vast importance that the various dimensions and 
varied sizes of these parts be minimized as far as possible and, 
let me urge, as quickly as possible. 

I have enumerated troubles in general from the standpoint of 
the manufacturer of parts. I will now tell what these mean to the 
airplane and engine manufacturer. With the wide divergence in 
size, and many kinds of material called for, there are many very 
small orders for each part, each being urgently needed. In order 
to secure production for automatic machines, it is absolutely essential 
that fairly long runs be put on each machine. We have frequently 
changed our tools on a machine several times a day in order to 
produce the small number of parts required. The buyer is frequently 
at a loss to understand why his order for 100 or 1,000 bolts, as the 
case may be, is so long being filled. Gould this wide range of parts 
be cut down materially the parts manufacturer would be further 
warranted in running stock, provided he had any assurance that 
the size would be in demand in the future. To-day we are uncertain 
as to what will be required in that future. Such a standardization 
would be of great benefit to the parts manufacturer and of much 
greater benefit to the airplane manufacturer. 

At a small gathering of airplane men a few months ago I was 
optimistic enough to make the prediction outlined in my opening 
remarks, but qualified the statement by saying that the number of 
airplanes manufactured would depend on the productive capacity of 
parts manufacturers. The situation in this regard has become very 
acute to-day, but will become more so in the near future. To the 
everasre. man it seems a simple matter for Aviy parts manufacturer 
to furnish the airplane manufacturer's requirements. We have proved 
to our own satisfaction that the machining of airplane parts is a 
business by itself, to be taken up in a small way, as then machines 
can be adjusted to speeds, feeds, etc., for nickel-steel production, and 
men can be educated in the production of parts to the absolute speci- 
fica^ons required. All this takes time. While the company I repre- 
sent is not a large factor in the manufacture of airplane parts, 
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it has taken us over one year to build up a good manufacturing 
organization, and even it we could obtain the equipment, we would 
not feel able to double our production, except as we could gcadually 
increase our organization, keeping it in all branches up to necessary 
efficiency. 

The metal fittings now being required in airplanes are in the 
same class as screw-machine products, as many and various types 
are required. Could these become standardized, the airplane manu- 
facturer would find that the cost of many of these parts would be 
but a small fraction of the present cost. 

Probably the most important individual factor in airplane manu- 
facture is the ttimbuckle. As such it should be treated by itself 
in a separate paper, since this paper is intended to treat more par- 
ticularly of such items as bolts, nuts, and rod and yoke-end pins. 
I will confine further standardization recommendations to these items. 

ADVANTAGES OF STANDARDIZATION 

While many of my criticisms of existing conditions and recom- 
mendations for their correction are almost too obvious to require 
mention. I will nevertheless speak of the more important ones, 
state in what way standardization will benefit all parts of the indus- 
try, and recommend the line of least resistance to follow. 

1 — The more important results to be gained from standardiza- 
tion are greater and constant production from parts makers, the 
result of which is the possible manufacture of a greater number 
of airplanes. This is of particular interest to the Government, against 
an immediate need for the manufacture of large quantities of ma- 
chines. 

2 — The airplane manufacturers will be able to effect large savings 
in their costs and general operation. They will be required to carry 
less stock, as the number of parts will be much less, and they will 
be sure of certain supplies in the quantities needed, and a greatly 
reduced price per item. 

3 — The manufacturers will find that in assembling, uniform parts 
will be of great assistance to them. 

4 — The future owners, either Government or individual, of air- 
planes, will be able to obtain readily necessary repair parts. 

5 — Of particular interest to the Government, which will purchase 
various types of machines in the near future, is the fact that stand- 
ardization of parts will mean interchangeability of parts for tiie 
various machines it will use. This will be an important advanti^ 
in operating supply depots. 

6— One of the greatest reasons for standardization is this: Un- 
less rigid standards are specified and strictly adhered to by both 
parts and airplane manufacturers a large element of danger will 
be introduced. The rush of work incident to manufacturing parts 
to many different specifications will result in improper use of metals, 
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incorrect heat treatments, etc. The inevitable outcome will be serious 
accidents in flights, resulting in loss of life and lack of confidence 
of the public in the stability of airplanes. 

The big future of the airplane, .which we all anticipate, can be 
secured only by creating in the public mind as much confidence in 
the safety of flight as now exists in the safety of the automobile. . 

SPECIFIC RECOMMENDATIONS FOR STANDARDIZATION 

The selection of the particular type of alloy steel is directly con- 
trolled by the function for which the member is designed. There 
would be no direct advantage in using an alloy steel for such parts 
as washers, sh^et metal parts and, in my judgment, nuts. 

Designers' specifications must necessarily contemplate both the 
theoretical considerations and the practical methods of manufacturing. 
Consideration must be given to the material-producer's point of view 
in order to avoid an unnecessarily severe specification to accomplish 
some relatively minor purpose. While, at all times, a high grade of 
material, far above the average commercial type, is demanded, full 
regard' should be paid to the methods of economical production. 

Bolt Dimensions and Materials 
Referring now to the subject of bolts, I recommend : 
1 — That lengths be standardized as far as possible. 
2 — That needless diameters be eliminated; for instance, there is 

no practical need of both 3/16 in. and No. 10 bolts. 

3 — That material for bolts to be used for certain purposes be 

clearly specified. One material only is necessary for a given purpose. 

In the majority of instances to-day 3% per cent nickel steel with 

proper heat treatment fills the requirements, with liberal factor of 

safety. 

4^-A certain standard should be fixed for thickness of head. Up 

to certain diameters, let there be one fixed thickness; above this 

diameter each head should be a certain fraction of the diameter; 

all to be determined for necessary strength plus a factor of safety. 

Of this specific item, the parts manufacturer is asked to make upward 

of 15,000 separate items. By standardization a large percentage of 

these items can be eliminated. 

Rod and Yoke-End Pins 

Referring to rod and yoke-end pins, my recommendation is: limit 
the number of diameters and lengths to the fewest possible. When 
a cotter-pin hole is required, let this be the same size in all pins 
of given diameters. 

As the head of the rod and yoke-end pin need be no stronger 
than the cotter-pin, it is necessary that this be of only one definite 
thickness proportional to its diameter. Different radii on the edges 
are absolutely useless. 
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Nut Requirements 

We have thoroughly investigated castle nuts, both in our own 
laboratory and through the testing departments of other manufac- 
turers. We believe, for economical production, accurate production 
and quantity production, that the use of nickel-steel nuts is no longer 
necessary. The function of a nut is to bear perfectly upon the threads 
of the alloy-steel bolts. Satisfactory results can be obtained by 
using cold-rolled steel of proper carbon content and properly case- 
hardened. 

For a certain diameter of bolts the desired results can be ob- 
tained by the use of one thickness of nut only, and the innumerable 
specifications used to^ay by various manufacturers, as to thickness, 
radius, etc., should be reduced to the one practical dimension and 
radius required. 

A source of ever-present manufacturing difficulties is in ball-head 
nuts and bolts, due to the varying radii required. The size of this 
ball head and nut is necessarily controlled by the function of the 
member in which they are placed. As at present designed, they 
have several hundred per cent excess strength. 

As the different designs of head and nut, both as to radius and 
thickness, are many and varied, one radius, one thickness and one 
diameter in proper proportion to the metal and diameter of the 
shank are all that is necessary. 

author's conclusion 

These few recommendations are of great importance. If stand- 
ardization of these parts be immediately undertaken, great benefits 
will be derived. 

As these parts are standardized many others will require the 
same effort. We all concede the need of standardization and the 
great results to be obtained from it. 

I cannot emphasize too strongly the urgent necessity for the 
immediate standardization of all airplane parts. 



DISCUSSION 

F. G. Diffin: — On the hex bolt we have alone in our factory today 
orders for four separate thicknesses of head. As I have stated in 
my paper, certainly only one thickness of head is necessary on the 
same diameter of bolt. The specifications for bolt threads are almost 
without number. We have, of course, machines for threading the 
bolt, and I do not believe we get 25 per cent of the possible production 
on those machines because of the number of changes we have to make 
on account of the varying specifications. 

We have found in every instance in testing a bolt for tensile 
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strength that the boH always breaks in the first thread. A thread or 
two more or less will not make any difference or change in the 
strength of that bolt unless there is a direct 45-deg. pull on that 
particular spot 

We have seen three different specifications for rod-end pins, call- 
ing for different-size cotter hdes. We have had three separate radii 
on the nose of the rod-end pin. 

I do not want to make these suggestions too commercial. It is a 
saving in dollars and cents to us, because the minute we can get 
greater production the price will logically and naturally decrease. 
At the start we took a large volume of business and our books showed 
a heavy loss. We cancelled that business, started in more slowly, and 
we have reached a point where we are getting a fair production. 
During December our machines were running 30 per &nt below the 
normal amount of production. A good deal of that was due to the 
innumerable times we had to change set-ups on the machines. If 
the parts are standardized and we are reasonably certoin as to the 
number of a certain nut that will be used in the course of a year, we 
can have machines set up and run them all the time. When the 
orders come in for 500 in a hurry, we can send them right out. 

If standardization is effected in these minor items and the same 
principle applied all the way through, it unquestionably will work 
out a great deal more to the advantage of the airplane manufacturer 
than to that of the parts manufacturer. 

A. Ludlow Clayden: — Possibly the greatest difficulty will be 
to obtain agreement upon material. Many engineers will not be 
prepared to accept nuts of softer material than that used for the 
bolts. In all aviation standards the importance of weight must 
never be lost sight of for an instant. Supposing there were a hun- 
dred nuts on an en^ne and that by using alloy steel instead of ordi- 
riary carbon stock we could save 1/10 oz. on each nut? This would 
cut the weight of the engine over % lb. This in itself might be of 
no importance, but if you took every nut on a plane and added some 
fraction of an ounc^ to it, it would probably be surprising what a 
total of weight would have been added. It is just by being extremely 
careful in matters of this sort that weight has been cut down. 

Aircraft standards ^.^ffer from automobile standards, and in one 
other important r<espect: their object is at present to facilitate supply 
rather than to decrease cost. Of course, the two things must go hand 
ip hand, but the desi^ of aircraft has not yet reached the stage 
where it is possible to sacrifice anything for the sak^ of manufactur- 
ing facility. It is the desire to turn out machines quickly and still 
more perhaps the desire to obtain replacement rapidly that will 
enable the new industry and the new standards to grow up together. 

In one way, however, the task of standardizing aircraft parts 
sfiould be very much easier than that which preseiited itself with re- 
ffp^t to the automobile fittings that the S^ A. E. .first created. With 
automobile standards it has been necessary to eii^plain continually in 
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what way they benefit the manufacturer and user. In the case of 
aircraft the demand for standards originates with the user, and I 
believe every member of the industry is fully alive to the immense 
assistance that good standards will be in the development of the us^ 
of aircraft of all kinds. 

FUNCTION OF STANDARDIZATION 

N. W. Akimoff: — The standardization' work done so far is limited 
to the shop end of the problem; some practical man suggests the 
adoption of a certain thread, or of a certain thickness of bracket for 
holding the battery, or a certain width of the oil groove. Then othei* 
practical men argue the thing out and finally adopt the proposed 
standard in its original or modified form. 

But the events of the past few days may result in confronting us 
with a problem in 'which we must show that we excel the other fellow 
not only in uniformity of petcocks or castle nuts but in other things 
as well. While we are about it, why not standardize the design of 
the engine as much as possible, that is, the purely engineering part 
of the proposition? In this way the production man would work at 
one end of the problem and the engineer at the other, and the re- 
sults would be manifest right from the start. 

The piston, for example, can be standardized. All its character- 
istics, including the weight, can be given in function of one variabli^ 
only, its diameter, ranging, say, in quarters of an inch up to a certain 
maximum. 

The connecting-rod can be standardized. It is more than, likely 
that the present anarchy as regards the lengths and weights can be 
boiled down to a well-worked-out table including the weights and the 
radii of gyration of each type, thus not only recommending but in- 
surxng the absolute uniformity of the product. 

Last but not least comes the crankshaft. If we are to limit our- 
selves to the six, eight and twelve-cylinder types of engine why not 
standardize the few (probably only about six) types of shaft, 
recommending each type for a certain duty, in strict accordance with 
the conditions under which it is to i«ork? 

If the average engineer puts on counterweights, he mostly does it 
by rule of thumb, and immediately gets into trouble as regards tor- 
sional vibrations; also, to proportion a shaft without reg^ard to the 
moment of inertia of the flywheel or propeller on its end is absurd; 
likewise^ not to take into account the gyroscopic forces is another 
mistake; yet who checks up the proportions of projecting end accord- 
ing to St. Venant's simple formula, in conjunction with the well-known 
expression lOw/ giving .the bending effort due to possible precession? 

A special committee should be appointed for working out these 
finer pcHuts of engineering. . Its object would not be to restrain any- 
thing, but to recommend certain proportions, precisely as is now 
being done in shipbuilding practice, where valuable rules are laid 
down by Lloyds and Veritas. 
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BOLT MATERIAL AND DIMENSIONS 

E. H. Ehrman: — ^With Mr. Diffin, I wonder at the necessity of 
the many different dimensions for the same part of the same size of 
bolt, nut, rod and yoke-end pin. There are, I believe, enough well 
established standards covering these parts to obviate the necessity of 
specifying dimensions outside of their range. 

I can see reasons for variety in specification of materials until 
our greater experience unifies good practice; this is quite different 
from that of proportions. The speaker mentions the difficulty of cut- 
ting good threads when nickel steel is used. It is possible that 
vanadium-alloy steel will serve the purpose as well as nickel steel, 
they machine much more satisfactorily than the latter. In the auto- 
mobile industry several of our customers have followed our sugges- 
tions and are getting parts better machined as a consequence of their 
being made of a vanadium-alloy steel instead of nickel steel. Mr. 
DifUn also suggests the use of cold-rolled steel as being an adequate 
material from which to make nuts. I think his statement should he 
qualified to read cold-rolled open -hearth steel. 

I believe the Miscellaneous Division of the Standards Committer 
will be glad to receive information relative to the deviations from 
standard, and to the diversity of proportions of bolts, nuts, rod-end 
pins and other parts, as it expects to consider bolt proportions during 
the coming year. 

STANDARDIZATION ITEMS 

WiLUAM F. Thomas: — At present it should be possible, with com- 
paratively little effort, to obtain the cooperation of airplane manufac- 
turers for mutually beneficial purposes in arriving at standards not 
only for the parts mentioned in Mr. Diflin's paper but also for many 
other airplane parts. 

Standard hub dimensions, methods of spoking and size of spokes 
might be adopted for airplane wheels, as might also steering wheels 
in 12, 15 and 18-in. diameters, with standard types of spiders and 
control operating drums. Engine bolts with large heads, designed for 
the purpose of giving large bearing area on wooden engine beds, and 
having a number of standard diameters and lengths, are suggested 
for standardization. Large tapered washers for use on wood might 
be standardized. Pulleys for control wires, airplane tank filler caps 
and a great many other similar details which at present are being 
made up in our shops would gladly be purchased from parts-manu- 
facturing specialists, were they available. 

In my opinion, such standardization can be brought about most 
easily if the manufacturer of parts prepare a complete catalog, giving 
dimensions and illustrations of the parts. In arriving at standards, 
the parts manufacturer should submit for approval by the various 
manufacturers designs and specifications he is prepared to furnish. 
We would be glad to submit drawings to the parts manufacturer of 
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the standards at present used in our construction, for the purpose of 
facilitating the preparation of such a catalog, and we believe that 
other manufacturers will be glad to do the same. 

Abroad there are a number of parts manufacturers who have gone 
into the matter thoroughly and have prepared catalogps giving com- 
plete information, from which a designer or purchasing agent for an 
airplane company can select standard designs which fit his purpose 
adequately. In this country, heretofore, no such facilities have 
existed. Such a catalog should be sent to the engineering and 
purchasing departments of every airplane company. A personal 
visit from a representative of the parts manufacturer, from time to 
time, for the purpose of keeping in intimate contact with the airplane 
manufacturers would be helpful. 

In addition, it might be advisable to have the designs prepared 
by the parts manufacturer approved by both War and Navy Depart- 
ments of the government, as well as by the manufacturers. 

The S. A. E. standard for nuts and bolts most nearly approaches 
airplane requirements. Possibly a few amendments to this standard 
might be required for airplane purposes. 

In preparing designs for submitting to the manufacturers, the 
only additional point that must receive consideration, other than would 
be covered in light-weight engineering design, is that of resistance, 
which must be studied closely and parts designed to reduce it to a 
minimum. This applies in particular to bolt heads, castle nuts, rod- 
end pins, and tumbuckles. 

RELATIVE SAVING IN COST 

R. M. Brown: — Standardisation and the minimizing of the num- 
ber of different parts on one airplane by making the same part per- 
form different functions or take different loadings are two totally 
separate things that are often confused. While the reduction in cost 
through the use of the latter method may be great and the increase 
in the weight of the parts themselves very slight, the adjacent parts 
are generally affected aiid the machine consequently becomes heavy 
and inefficient. 

True standardization comes only with quantity output of one 
design. The individual parts of one machine can be very different, 
save where the function is the same, and yet each part be standard- 
ized on all machines. 

The airplane designer and builder will accept Mr. Diffin's recom- 
mendations on the standardization of bolts, pins, etc., in material 
and in head and nut dimensions for each diameter. This is true 
standardization and a step in the right direction. Limiting the num- 
bers of different diameters and lengths, however, is not standardiza- 
tion and will result in increased weight and loss of efficiency in the 
airplane. Bolt diameters should run at least in thirty-seconds and 
lengths in quarters of the inch. 
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The chief aim of standardization is to reduce the cost of manu- 
facture and maintenance. It is obvious then that it should first be 
applied to the most costly parts of the machine. An analysis of a 
modem military airplane will show that the cost of all bolts, nuts 
and pins is less than one-half of one per cent of the selling price of 
the machine. The latest machine that my firm is building uses just 
under 700 bolts. The cost of these in 3^ per cent nickel steel with 
nuts is about $40. 

The remainder of the metal parts on an airplane for the body, 
chassis, wing fittings and control units (exclusive of turnbuckles and 
wire) represents the greatest cost items of the entire machine, over 
twenty times that of the automatic machine products. These parts, 
could be easily standardized. There are scores of different designs of 
wing-strut sockets, strut ends, box body clips, chassis fittings, 
axles and control operators. The best design for each should be 
selected, with the approval of the government officials, and made 
standard. 

This standard fitting could be manufactured by a parts maker (or 
by the airplane manufacturer, if his business is large enough to 
warrant the special tools) in a variety of sizes and strengths suitable 
to any weight or type of airplane, in the same manner that auto- 
mobile parts are furnished by a specialist in that line. It is my firm 
conviction that this method would reduce the cost of a complete air- 
plane by more than 25 per cent. The advantage from a maintenance 
viewpoint is obvious. 

Chairman Souther: — About twelve years ago a great deal of 
work was done while establishing the A. L. A. M. thread, now called 
the S. A. E. thread, in determining how thick a nut should be and 
how much wrench-hold it should present. 

CAUSE OP VARIATION AND FEASIBLE STANDARDIZATION 

Charles M. Manly: — In our company there have been possibly 
as many variations in lengths of bolts and sizes of heads as it is 
possible to find anywhere. A large part of that has been due to there 
being no standard to follow; each designer would therefore take 
something from his head. Very frequently we send men out to 
measure a part ; one draftsman will report that a nut is % in. thick, 
another one 11/32 in., and possibly another fellow will say it is 13/32 
in. thick. If each one of those men made a drawing and we had to 
reproduce the part in question, it is probable that each would have 
established a different thickness for that particular part. In a great 
deal of airplane work a part has been built first and the drawing 
made afterward. It is always that way in early development work. 
Sometimes it was left to the machinist as to just how thick he should 
make parts and then the drafting department was told to make the" 
drawings conform to the machine. The next time a 'drawing was 
prepared the part was made by a different mechanic, and so a new 
standard was established. 
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It has been suggested that we standardize the design of the crank- 
shaft and that we standardize the design of the engine. I think 
possibly that is going a little too far; we want standardizi(tion in so 
far as it affects interchangeability between different manufacturers. 
It is very important that the propeller be immediately removable from 
one plane and put on another made by a different manufacturer. 
Therefore, I think we do not want to determine designs of basic 
parts or assembled units, but there should be standardization of screw 
machine parts, materials, gage of tubing and cold-rolled hexagon 
material. 

The standardization of controls for airplanes is important as re- 
gards the war use of machines. It would be a great help if the 
distance between wing beams could be standardized, so that when a 
machine and the wing-beam fittings are damaged, we could transfer 
the wings from one machine to another. If in a year or so we could 
have not more than, say, ten distances between wing beams and only 
a few different styles of wing fittings, it would be of much help. 

REDUCING STANDARDS TO PRACTICE 

J. B. Replogle: — After having standardized parts it will be neces- 
sary to start a campaign of education to insure that they will be used. 
We are assuming that the manufacturers are waiting with open arms 
to receive these standard specifications and immediately put them into 
practice, 

I have been in pretty close relation with another field of stand- 
ardization, in which a vicious circle has been created. I refer to 
machine screws, with all sorts of different kinds that can be called by 
the same name. 

Some nine or ten years ago the American Society of Mechanical 
Engineers adopted specifications for standard machine screws. Pre- 
vious to two years ago I could not buy from stock anywhere in the 
United States standard A. S. M. E. machine screws; that was when 
they had been adopted by the A. S. M. E. for seven years. I took the 
matter up with practically every machine-screw manufacturer in the 
United States and I asked: 

"Why cannot we get these standard machine screws; they are 
good, are they not?" 

"Yes." 

"Why cannot we get them?" 

"Nobody will buy them." 

"Well, why don't people buy them?" 

"They cannot get them." 

Chairman Souther:— Mr. Replogle has touched on a vital point, 
and I think the bridge across that ditch is the putting of the standard 
on the drafting board in some shape or other. The Society has made 
the attempt to do it in the S. A. E. Handbook and by other similar 
means. I doubt if any other society has gone as far, and I do not 
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believe many of us would know where to go to find the accurate in- 
formation needed to order A. S. M. E. machine screws to-day; that is, 
and do it easily. I believe that if the engineering books containing 
the standards adopted by the Society are placed on the draftsman's 
desk, they will be used. 

Capt. L. E. Goodeer:— The difficulty of obtaining non-standard 
nuts and bolts that might be used at the front is a matter that 
an aviator appreciates; that is especially true when he goes out 
into some of the smaller ^cities near which the aerial squadron is 
attempting to obtain bolts and nuts from stock; we cannot do it 
because they are special sizes. It is necessary to have a truck 
along that does nothing but carry a stock of steel and iron from which 
the special sizes can be made by the mechanics. 

The aviator himself has the lack of standards impressed on him 
severely when he cannot get spare parts for fixing up a machine or 
for repairing breakage. He is the one who usually gets the brunt of 
the lack of standards, and he would be the man who would welcome 
such standards even more than the manufacturer of the airplane or 
the accessory manufacturer who supplies the special parts. 

automobile and aircraft engine STRESSES 

E. A. Sperry: — There is nothing occult about standardization of 
anything employed in airplane manufacture. The automobile manu- 
facturers are doing much better than they are ordinarily given credit 
for from the standpoint of the airplane-engine builder. In the auto- 
mobile engine enormous stresses are introduced into the reciprocating 
parts under cold weather conditions. No airplane engine can ever 
be given that test, because it has a big propeller which cannot do 
over a certain amount without overloading the engine. A great deal 
of that abuse cannot be administered to an airplane engine, so I 
think we are ready to adopt a whole line of standards and depend 
upon the automobile engineers for the base line they have found as 
to thickness of nuts, strains on threads, and materials. 

VALVE SIZES 

Robert Jardine: — For automobile and aircraft engines we have 
furnished 576 different-sized valves in the last two years. They vary 
all the way in size for a given horsepower from 3^ to 1% in. diam- 
eter. They vary as to size of stem from 5/16 to 9/16 in. I believe 
that 50 per cent of these variations could be eliminated. 

. It ndll always be difficult, I think, to obtain maximum efficiency 
from any engine if the designer ties himself down to standards, 
but possibly the gain that will result from the standardization will 
offset the loss of perhaps 10 per cent of the power. 

Valves are designed, so far as we can tell, with no special refer- 
ence to the material of which they are to be made. They design the 
valve first and then someone else says what it should be made of; 
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ofteatimes valves that are satisfactory in some materials are useless 
in others, so that standards of sizes of valves would have to be ac- 
companied by standards of materials. 

THREAD AND BOLT PRACTICE 

L. G. NiLSON : — Mr. Diffin said that it does not matter how far up a 
thread is cut on bolts because they invariably break at the first 
thread. It has been my experience that if the thread quits abruptly, 
a weak spot will result, but such is not the case if it is so made that 
the thread quits gradually. If care were taken in having the thread 
quit gradually, I believe the bolt would be more satisfactory. 

J. G. Vincent: — In laying out an airplane engine, I asked the 
Government for a recommendation as regards bolt sizes and threads 
and was simply advised, ''Use S. A. E. threads." I went into the 
matter very thoroughly with the idea of using three sizes of bolts, M, 
% and ^ in., for the entire engine, outside of the bolts for holding 
the engine. I took the standard S. A. E. thread and also the bolt 
heads, but changed the standard and drilled all bolts up to the point 
opposite the end of the thread so as to give a cross-section area 
exactly equal to the cross-section area at the root of the thread. I 
therefore got bolts that were practically uniform in strength through- 
out their length. 

Practically every nut on the airplane engine should have a cotter- 
pin anyway, so that I used only three nuts. The result is that in 
handling the engine a wrench to take only three sizes of nuts is 
required. There certainly should not be more than four sizes of nuts 
on the engine. It is my opinion, also, that what has been said about 
the nut is correct; a good high-carbon steel is plenty good enough 
for nuts. We are now having drawn a considerable quantity of hex 
stock that will come to us heat-treated. 

We have found it practically impossible to heat-treat bolts and 
nuts after machining and get any kind of a fit. Nearly every one 
connected with aviation work specifies nuts called wrench-tight; that 
is, they cannot be screwed on with the fingers. 

A. C. Woodbury: — The situation in the aeronautic industry is 
different from that in any other line of work. Most of the planes 
purchased are for one customer; that customer is inclined to ask for 
standards; therefore, as his standards are adopted they will be. put 
into effect. 

A. P. Brush: — Three things are emphasized more strongly in 
aeronautic work than in the automobile industry: first, stability, be- 
cause men's lives depend upon it; second, lightness, because the per- 
formance of thie machine depends more on it than is the case in the 
automobile; and third, cost, because it is not material. Practically 
all the discussion of standardization has been along the lines of re- 
duction of cost and greater convenience. The safety of the operator 
has not been considered as much as the convenience of the manufac- 
turer. 
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Mr. Vincent told of his method of drilling the bolts so that the 
cross-section above the thread is the same as the cross-section in the 
thread. It is a physical law that any tension bolt of given material 
and heat treatment is lighter and inore reliable if the part of the 
section above the thread is reduced to correspond with the cross- 
section at the root of the thread. I believe we should recognize the 
standard that is a law of nature and should devote ourselves to 
standardizing the things that may be said to be in flux. 

C. H. Taylor: — The customers who at the present time are pur- 
chasing airplanes in the largest quantities are the various govern- 
ments. It is unfortunate that they seem to have conflicting ideas as 
to the different types of materials that should be used in different 
places. Entirely apart from standards of shape or form of, we will 
say, nuts, bolts and pins, .we have a hard proposition in reconciling 
the various governmental demands. All of them seem to have a 
slightly different idea as to what material should be used, and it 
seems to me that if we establish a standard of material we will have 
to compromise more or less between the demands of the various 
governments. 

author's closure 

F. G. Dipfin: — The principal point or the crux of the matter 
which I have endeavored to emphasize is this: The facilities for 
making airplane parts in this country are comparatively limited; in 
other words, the org^anization for the making of the parts is limited. 
There is an excessive demand for airplanes in this country to-day. If 
the United States Government needed 10,000 machines, it might as 
well ask for 10,000 moons. That is truie because of the lack not only 
of bolts and nuts but also of other parts of the machines. 

What we need is to standardize these parts. Each one is starting 
out with an arbitrary standard to-day, and if somebody does not 
standardize for them, a year from to-day we will have 10 or 50 stand- 
ards and 50 different manufacturers will be making parts. Our 
biggest customer to-day is the Government — a condition that is likely 
to last for a long time. The Government will have to carry 50 dif- 
ferent lines of supplies in every supply depot, and instead of one 
truck an airplane squadron will need many trucks to carry the parts. 

We can deliver more bolts at less cost if we have some certain 
standards to follow. To-day that is not such an item, but in the future 
it will be. Price is a large consideration in most businesses, and it is 
certainly so with the United States Government, but when it buys 
airplanes the price is not so much of an object, because airplanes are 
badly needed. A year from to-day, or five years, the commercial 
possibilities in regard to the airplane will be far greater than they 
are now. The field to be supplied will be outside of the governments. 
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SOME NOTES ON HIGH-PRESSURE 

AVIATION ENGINES 

By Leigh M. Griffith 

(Member of the Society) 

In the endeavor to construct the lightest possible engines for 
aircraft, designers have in general followed one or the other of two 
tendencies in planning the design. The first, in point of time, is to 
assume large dimensions for the cylinders and work them at low gas 
pressures. This method permits a minimum section of metal for all 
parts subject to the stresses resulting from the gas pressures and 
also minimizes the difficulties of obtaining a satisfactory cooling sys- 
tem ; it has been largely followed in the case of air-cooled engines, and 
in most such eng^ines has been made necessary by the limited intensity 
of cooling action possible by the ordinary methods of direct air-cooling. 
The later and much more promising method is to use smaller cylinders 
and work them at the highest possible pressure, in the belief that this 
basis of design will ultimately lead to a considerably reduced weight 
per unit of power. 

In the early days of aeronautic engines, in order to obtain any 
endurance at all worthy of the name, it was absolutely essential to 
adhere to the low-pressure type of design, since, entirely aside from 
the question of satisfactory cooling, it was impossible to obtain any 
ignition-means that would meet the requirements of aviation engines 
unless the gas pressure was kept low. This is well appreciated to-day 
since even now the greatest single source of trouble lies in the spark- 
plugs, which fail not so much because of oiling conditions as from in- 
sulation and electrode deterioration due to the combination of high 
and variable temperatures with gas pressures that also are high and 
variable. The low-pressure large-volume type of design received for 
a time an impetus ' from the almost exclusive success of the Gnome 
engine, which was of course a particularly shining example of such 
construction, as were also the early Renault engines. This was the 
line of least resistance and designers of new engines largely followed 
the ^xanrple set by the designers of the two types mentioned. 

EXAMPLE SET BY AUTOMOBILE RACING ENGINES 

However, the experience obtained by those engineers who had 
been engaged in the design and operation of racing automobiles, 
the engines of which were at an early date limited in the maximum 
cylinder dimensions, showed that a satisfactory power-plant could be 
built using much higher gas pressures than the majority of aero- 
nautic engine designers had thought possible. Also, some automobile 
companies with considerable racing experience assumed that it would 
be an easy matter to produce a satisfactory aviation engine by the 
comparatively simple method of slightly altering their successful 
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automobile racing engines and decreasing their weight. While many 
of these latter did not succeed in producing anything permanent, the 
result was to bring into the list of engineers working on the aviation 
engine new men whose experience led them to adopt the high-pressure 
type of design. 

HIGH AND LQW-PRESSUBB ENGINES 

I would place the dividing line between the high and low-pressure 
engines at about 100 lb. per sq. in. brake m.e.p. for the four-cycle 
type, and at about 75 lb. for thei two-cycle type. Such a division would 
place the majority of the modem successful engines, especially of the 
water-cooled type, in the high-pressure class. Comparatively little has 
been done in the case of the two-cycle type, so that data for the discus- 
sion of this type, are extremely meager. Nevertheless, I believe that 
this type offers c(insiderable promise of eventually surpassing the max- 
imum power-weight ratio that it is possible to obtain from the four- 
cycle tjyp^^ owing to the apparent ease of obtaining brake mean effective 
pressures considerably more than half as great as in the case of the 
four-cycle type. 

Without entering into a detailed discussion of the matter, it is 
true in general that for a given design of engine, operating at a 
given piston-speed, it matters little whether the power is developed 
in large cylinders operating under a low mean pressure or in small bore 
cylinders with high mean pressure. . In either case, considering 
the effects of gas pressure alone, the stresses on all members below 
the cylinders and pistons are not affected by the difference in mean 
pressure, providing the total power developed is held constant. This 
is true because the constant piston-speed necessitates the total piston 
pressure also remaining equal, regardless of the piston diameter. 
This indicates that the cylinder is the principal element affected by 
any alteration of the brake mean effective pressure, the piston and 
valves being affected in a lesser degree. As the weight of the cylin- 
ders constitutes a considerable part of the total weight of any aero- 
nautic engine (Winkler, the German authority, places the percentage 
at about 28 as a water-cooled engine average, which is 5 per cent 
greater than for the crankcase) , it is believed that a consideration of 
the weight reductions possible of realization by the adoption of the 
highest mean pressures would be of considerable interest to desig:ners. 

If we assume that the maximum g^as pressure bears a constant 
ratio to the mean effective pressure, as is at least approximately true,^ 
and we 'further assume, for the purpose of illustration, two engines 
Whose mean pressures bear the relation of two to one, we see that 
the low-pressure engine must have twice the piston area of the high- 
pressure unit if they are to develop the same power at the same piston 
speed. This means that the low-pressure cylinder must have a diam- 
eter 41 per cent greater than that of the high-pressure cylinder. 
Working from the standpoint of the stresses resulting from the gas 
pressure alone, it follows that the annular cylinder-wall sectional- 
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area must be the same for the two eases since the longitudinal load 
carried by it is equal to the total piston pressure, which is equal from 
the conditions assumed. The bursting load in the transverse direction, 
being taken by two thicknesses of the cylinder wall, requires a Hiick* 
ness in the case of the low-pressure cylinder of 71 per cent of that of 
the high-pressure one; this again works out roughly to the same 
cylinder-wall weight for the two cases. 

While this reasoning indicates no weight saving for the high-pres- 
sure cylinder-barrel, it must be remembered that we are considering 
stresses resulting from the gas pressure alone, and that the thickness 
of cylinder walls required in practice is considerably greater than 
would be necessary to care for such stresses. The reason is that some 
extra metal is required to care for ^e distorting eCect of the tem- 
perature differences in the various portions of the cylinder unit 
The increase in thickness is necessary to give sufficient rigidity for 
the cylinder walls to retain their circular shape to a satisfactory de- 
gree. Considered from this standpoint, it would certainly seem in- 
advisable to make the thickness of the lower-pressure barrel any less 
than that of the high-pressure one, especially when it is remembered 
that its diameter is at the same time 41 per cent greater. In practice, 
the low-pressure barrel would probably be the thicker, owing to its 
larger diameter and consequent greater liability to heat-distortion. 

DESIGN OF JACKET WALL 

The jacket-wall thickness in a cast cylinder is more or less deter- 
mined by the foundry requirements and would probably be somewhat 
greater in the case of the larger cylinder diameter. An applied jacket 
is also thicker for the large cylinder on account of the greater area of 
unsupported surface. Even with the same thickness of water space, 
the water weight would be less for the small cylinder, but as more 
heat has to be transferred per unit of area in the case of the small 
cylinder, the water velocity should be higher so as to provide a more 
energetic scrubbing action on the cylinder walls. This would require a 
thinner jacket space on the high-pressure cylinder, thereby further 
reducing the weight of the jacket water. The thickness of cylinder 
and piston heads would be about 26 per cent greater for the large low 
pressure unit; according to the Bach formula (for identical material, 
stress and design) this thickness varies only as to the cube root of the 
pressure but as the three-fourths power of the radius of the unsup- 
ported circular plate area. While this is not strictly true in practice, 
on account of these elements being generally of dome shape or ribbed, 
it at least serves to indicate that in the matter of weight engines 
of the small high-pressure type have the advantage. 

THERMAL RESISTANCE OF CYUNDER WALLS 

The enclosing walls of the combustion and expansion chambers 
must be considered also from another point of view than that of 
merely containing sufficient metal to resist the pressure and heat-dis- 
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tortion loads. Inasmuch as about one half the total heat developed 
by the combustion of the fuel has to pass through these walls to the 
jacket water, it is necessary to consider the effect of this on the wall 
thickness. In the case of the high-pressure unit, we would have 
nearly the same total amount of heat to dispose of as with the low 
pressure unit, but, assuming a stroke-bore ratio for the former of 
two and the same stroke for both, the total wall area available through 
which to pass this heat would not be over 60 per cent as great for the 
high-pressure unit as for the other. Consequently, the unit intensity 
would be some 65 per cent greater, which would mean a higher wall 
temperature on the gas side and consequently a greater liability to 
preignition trouble, unless the cooling water was maintained at a cor- 
respondingly lower temperature, which would necessitate an increase 
in the radiation capacity. 

The best method to counteract this difficulty would be to diminish 
the thickness, or rather the thermal resistance, of the walls in 
inverse proportion to the increase of unit heat-conduction capacity 
required. Such a method however involves the use of a higher grade 
of material for the cylinder walls and demands a greater attention to 
the problem of allowing the cylinder walls the greatest amount of 
freedom to expand in all directions under the influence of heat so that 
the minimum restraint is offered to such movement. It is this restraint 
that distorts the walls from their original form. It is also necessary 
to insure a more uniform cooling action of the circulating water, to the 
same end. 

The use of a higher grade material is in itself a considerable ad- 
vantage from the weight-reduction standpoint, but of course is equally 
applicable to the low-pressure unit. The use of automobile-type 
cast-iron cylinders for aviation engines, with either integral or ap- 
plied jackets, is gradually but surely disappearing, for reasons that 
are well understood. Just now, the popular tendency is to use some 
form of cast aluminum-alloy cylinder with either a steel or cast-iron 
liner. This general type of construction is appearing in the individual 
as well as the block-cylinder form, but it seems to the author to be 
poorly adapted to the requirements of the really high-pressure engine 
because of the unavoidable fact that the total resistance to the con- 
duction of heat through the walls is greatly increased by the dis- 
continuity of metal at the joint between the liner and aluminum wall, 
and- also by the considerably increased total thickness of metal. It 
would certainly, appear that lubrication would be rendered more diffi- 
cult and the tisk of preignition increased from this cause. 

A bettei" arrangement, from the heat-disposal and weight stand- 
points at least, is that wherein the jacket water comes in direct con- 
tact with the steel liner. In the latter case, the liner can be screwed' 
into the combustion chamber at its upper end so that the combustion 
chamber is a part of the aluminum block casting, or the liner can have 
a closed head-end forming the combustion chamber and with the valves 
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seating directly on the liner material. In either case the cooling 
would be good, except at the screwed joint mentioned or at the points 
where the valve or spark-plug passages emerge, and where it is diffi- 
cult to avoid an undesirably heavy section of metal that tends to 
accumulate heat. 

The ideal cylinder would have the thinnest possible wall consistent 
with the maintenance of a satisfactory degree of rigidity; would be so 
designed as to permit the greatest freedom for expansion and contrac- 
tion under the influence of temperature changes; would have uniform 
wall thickness throughout; and would be provided with a water-jacket 
of such design as to give a uniform cooling action over all parts of 
the cylinder wall. 

The basic idea is to make sure that each unit area of heated sur- 
face of the combustion chamber and cylinder wall is separated from a 
like unit area of uniformly cooled surface by a wall of minimum 
uniform thermal resistance. Of course, in the case of the piston and 
valve heads this cannot be done, since these members have to conduct 
the heat they receive largely to their surfaces of contact with the 
cylinder metal, in order to transfer it to the cooling water. In the 
piston, this is best accomplished by using a metal of high conductivity 
and a design that provides ample sectional area to properly conduct 
the heat from the head to the skirt, from which it passes through the 
oil film to the cylinder wall. 

PROPER PISTON MATERIAL 

An aluminum alloy is by far the best material to use for high-pres- 
sure piston construction, chiefly because of its high heat conductivity 
— some three to four times as great as that of either cast-iron or steel 
-^but also because its low specific gravity brings about a considerable 
reduction in the reciprocating weight and inertia forces. Attention 
has been called to the necessarily high rate of heat absorption in 
the case of the high-pressure unit, but this is almost offset in the 
case of the piston by the reduced diameter and consequently reduced 
distance for the heat to travel. 

The inlet valves will give no troubles due to over heating if of 
ordinary conventional design, as the incoming charge serves to keep 
their temperature well below the troublesome point. The exhaust 
valves however are a prolific source of trouble, owing to their beiti|f 
in contact with the ho^ 'gas for such a large proportion of the cy^le. 
For high-pressure units, these valves must be kept much cooler tihan 
for low-pressure ones, and since all the available valve-head ma- 
terials have about the saine thermal conductivity, the only means at 
hand for keeping the temperature low is to use small diameters, 
thick heads, large well-guided and cooled stems, and fairly wide 
seats on a well-cooled surface. All of this will tend to increase the 
valve weight and will lead to the more extensive use of four -or 
more valves per cylinder. 
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The one best solution of the problem of the proper cylinder con- 
struction for the aeronautic engine working under the higfhest brake 
mean effective pressure is that in which the cylinder units are built up 
in pairs or blocks from steel parts flame-welded together into 
one integral whole. A number of advantages are inherent in this 
form of construction, such as the following: the absolute minimum 
thickness of metal is required to resist the stresses due to the pressure 
and thermal effects, thus decreasing the weight; the minimum thick- 
ness of metal wall interposed between the hot gases and the jacket 
water and the absence of masses of metal tending to accumulate heat, 
resulting in uniform and effective cooling of all interior surfaces by 
water of fairly high temperature; assurance of the homogeneity and 
character of the jnaterial composing the cylinder elements ; a definite 
knowledge of the form and thickness of all walls ; the greatest facility 
of inspection and testing of all joints during the assembling opera- 
tions, — all of which make unnecessary any arbitrary addition of 
metal in the endeavor to allow for possible unknown weaknesses. 

WEIGHT REDUCTION WITH BEST CYLINDER CONSTRUCTION 

As showing the weight-reduction possibilities of this construction, 
the author will say that he has built 4% by 7-in. cylinders by this 
method, of nickel and carbon steels, in pairs, that weighed only 24 lb. 
per pair, or 9.8 cu. in. displacement per pound of weight. These cylin- 
ders are on an engine that on official test showed a brake mean ef- 
fective pressure of more than 116 lb. per sq. in., which is believed to 
constitute a record for aeronautic engines. The hydrostatic test- 
pressure for inspection was 1000 lb. per sq. in. Moreover, the cylinders 
were provided with four valves and two spark-plugs each and the 
jacketing was very complete, even extending to the inlet and exhaust 
flanges as well as completely around the valve-seats and plug bosses. 
The fact that these light cylinders were able to withstand the high 
temperature and pressure without distress or heating troubles, cer- 
tainly proves that it is absolutely unnecessary to adopt the heavy 
constructions for these conditions. 

In comparison, it may be stated that the 4% by 7-in. cast semi- 
steel cylinders of a recently announced aeronautic engine weigh 51 lb. 
per pair, or 5.1 cu. in. displacement per pound, without the cast alu- 
minum covers that close the jacket spaces ; and this is only a two-valve 
engine. Another airplane engine, also recently announced, has built-up 
steel cylinders with cast aluminum jacket covers; the 4 by 6-in. cyl- 
inders weigh 40 lb. per block of three, or 5.65 cu. in. displacement per 
pound. This also is a two-valve design. Both have been described 
r^ently in the technical press. 

Insofar as the effect on the type of cylinder construction employed 
is concerned, it matters little whether the engine is laid out as a 
geared-down short-stroke job or a direct-drive long-stroke, except for 
the comparatively slight saving due to the shortened barrel length in 
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the first case. However, the author has become conYinced that the 
greatest power^weight ratio can be obtained in the direct-drive engine. 
This is borne out by the fact that the lightest water-cooled engine so 
iar (^cially tested, to the author's knowledge, is the one incorporating 
the above-mentioned light-weight cylinders. At the moderate speed of 
1325 r.p.m. this engine showed a weight of only 2.65 lb. per brake 
horsepower, this including the two magnetos complete with all 
wiring and plugs, the two carbureters and manifolds, all water headers 
and a particularly powerful pump. However, it did not include the 
weight of the propeller-hub, starting-crank, exhaust headers, or the 
contained water and oil. It would seem that the most simple and 
direct method to obtain a sufficiently high piston speed in combination 
with a propeller speed that will come within the zone of high propeller 
efficiency is to adhere to the long-stroke direct-drive design in which 
the propeller is carried on an extension of the crankshaft. Certain it 
is that the total inertia forces of the reciprocating parts for this 
method are less by a considerable amount than those in the shorteiv 
stroke geared-down engine. 

BETTER SPARK-PLUGS NEEDED 

Spark-plugs are perhaps the greatest source of trouble in the high 
pressure engine. If the threaded portion of the shell makes good con- 
tact with a well-cooled surface, no trouble is to be expected from the 
shell itself over-heating. However, the grounded electrodes must be of 
sufficiently high heat conductivity and must have a sufficiently good 
thermal contact with the shell to ensure that the heat they receive will 
be carried to the shell and then to the jacket water. The sectional area 
of these electrodes should increase from the sparking point to their 
anchorage in the shell, and they should not be flattened or deformed so 
as to offer a relatively large surface for the absorption of heat from 
the gas. The center electrode usually gives the most trouble from over- 
heating, and this is to be expected since the heat received by it has to 
be in a large measure conducted through the insulator to the plug 
shell. Very little heat is conducted to the air lengthwise of the stem, 
owing to the small size and length of this member. Perhaps this situa- 
tion can be helped by the development of an insulating material having 
a higher heat conductivity in proportion to its electrical conductivity 
than the materials now in use, but greatest improvement is rather to be 
looked for along the lines of electrodes with higher heat conductivity, 
greater sectional area, and perhaps thinner insulators having more 
intimate contact with both the electrode and shell. The recoit idea of 
introducing a small amount of air or mixture direct to the plug cavity, 
in such a manner that it washes both the center electrode and insulator, 
may prove to be a considerable aid. 

In an engine developing a high mean effective pressure, a high 
volumetric efficiency and a high compression pressure are necessarily 
required; these in turn demand efficient cooling, scavenging, charging 
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and ignition. The coolingr requirements have be^i mentioned and 
consist fundamentally of the uniformly energetic circulation of the 
cooling water over a cylinder wall of the highest possible uniform 
thermal conductivity. The thorough scavenging required in the high 
pressure unit is aided by the high compression ratio, which implies a 
small compression chamber to retain the residue of the burnt gases. 
B(^h scavenging and charging-betterment demand ample gas passages 
of minimum resistance, which can be best obtained with multiple 
valves opening into stream-line ports of the shortest length and least 
turns. All of this is well understood, except the necessity for more 
than two valves. 

ADVANTAGE OF MULTIPLE VALVES 

The author believes that only by the use of multiple valves of mod- 
erate diameter can we get the highest volumetric efficiencies and com- 
pressions at the same time, since the extreme difficulty of keeping the 
center of large exhaust-valve heads sufficiently cool to eliminate pre- 
ignition with the high compression will compel the adoption of the 
small valve. In the case of the inlet valves, ample area of gas pas- 
sage is of greater relative importance because of the very low pres- 
sures available to produce the gas flow. This ample area is more 
easily attained with the multiple valves. In addition, the latter ar- 
rangement tend? to reduce the inertia of the valve system. 

Ignition for the high-pressure engine demands far greater atten- 
tion than for the low-pressure unit. The increase of compression in- 
creases the rapidity of inflammation somewhat, and the reduced size of 
the compression chamber further shortens the time of total ignition, 
yet in order to obtain the highest rapidity of inflammation required 
for the development of maximum mean effective pressures, it is neces- 
sary to ignite the mixture simultaneously from two or more points as 
widely separated as possible. This should preferably be done by sepa- 
rate and distinct ignition apparatus, because of the greater reliability 
afforded by such an arrangement. Spark-plugs should be so located 
as to receive the maximum cleaning and scouring effect due to the 
passage of the incoming charge over the plug electrodes, both on ac- 
count of the cooling effect on the electrodes and insulator and in order 
to insure that the plug cavity is filled with fresh mixture that is cir- 
culating with the greatest turbulence. Care must be taken that plugs 
are so arranged that these actions are as near alike for all plugs as 
is possible, in order to insure synchronism in the ignition. 

DISCUSSION 

ROCKER-ARM VALVt: MECHANISM 

E. Planche: — I have followed with great interest the develop- 
ments in airplane engines in the past year, and in looking over the 
various papers that have been submitted to the Society on the sub- 



Digitized by 



GooQle 



188 THE SOCIETY OF AUTOMOTIVE ENGINEERS 

ject, I have not seen any reference made to the best design for the 
valve-gear mechanism. It is a very important jsubject and has not been 
given the attention it deserves. .->.■■ 

From my own personal experience, and from the experience of 
engineers abroad, I can state positively that no valve mechanism in a 
flying machine engine should be driven by a rocker-arm system, that 
is, the action of the camshaft in opening and closing the exhaust 
and inlet valves should not be transmitted to the valve through 
any system that uses a rocker-arm. 

They were also confronted by the fact that the valve seats were 
not properly cooled. The Valves became red hot after a few hours of 
running and broke down. It is absolutely essential that the valve 
seats, especially the exhaust valve seats, be made uniform in thick- 
ness with the rest of the explosion chaxnber and be cooled all around 
properly and evenly. 

It is useless for us to build engines on a principle that on the 
other side has been absolutely demonstrated to be wrong. The driv- 
ing of the camshafts on the top of the cylinders requires a number 
of idle gears, but in mounting all those gears on ball bearings and 
making them of a high grade of alloy steel, the noise being only a 
secondary consideration, a successful drive can be obtained. 

Chairman Manly: — We have seen many engines run for fifty 
hours continuously, the rocker-arms remaining good at the finish 
of the run, and a fifty-hour run repeated immediately after that and 
the rocker-arms continuing good. In fact, if airplane engines did not 
give any trouble on any other score than rocker-arms I think we 
would sleep well at night. 



LIMITING FACTORS OF ENGINES 

J. G. Vincent: — Two things are critical in the design of the high 
eifficiency engine of fairly large power. The piston used to be a criti- 
cal point, but with the modern aluminum alloy piston we have over- 
come that trouble, for the time at least. The heating of the exhaust 
valye and the failure of spark-plugs are the two things that really limit 
us today. The steel-cylinder construction can be such as to aid 
in cooling the exhaust port. What we want to do is to keep the 
valve stem as cool as possible; on the exhaust side there is no par- 
ticular advantage in keeping the part of the port directly back of the 
valve stem clear. So, if the steel barrel is made, we will say, in one 
main forging and then machined out with little short nubbins on the 
ports, the main ports can then be machined out separately and then 
screwed in and welded. By using this construction we can bring the 
water down close to the stem and in that way get the maximum 
amount of cooling on the valve. 

The spark-plug presents the greatest problem we have today. A 
number of people are working on it, and I feel confident that some 
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one will give us a spark-plug in six months that will make some other 
part of the engine the limiting factor. 

I believe that the gear-driven propeller is the best, because in the 
geared construction the engine speed can be as high as the gear will 
run and run continuously , and still a propeller speed as low as may 
be wanted ean be obtained. I am told that the best propeller speed 
varies considerably with the type of plane that is being driven, and 
that in the large planes for carrying loads it is desirable to have it as 
low as 900 or 1000 r.p.m. If that is true it is certainly a tremendous 
handicap to keep the engine speed down to that point; with the 
geared construction we can just as well have 900 or 1000 as 1400 or 
1500 r.p.m., it being possible to provide several sets of gears that 
will give anything from 900 to 1400 r.p.m. 

We have done a great deal of experimental work during the past 
year on valve mechanism; I built some small, high-speed engines run- 
ning as high as 4000 r.p.m. in order to test the overhead rocker-arm 
valve mechanism. There is nothing radical in that engine, except in 
the method of getting the oil into the camshaft housing. The engine 
required 60-lb. valve springs with the valves closed, equivalent to 
about 74 lb. with the valves open. We have run it continuously on 
the dynamometer at times for 300 hours. On our big airplane en- 
gine, which runs at 2150 r.p.m., we only have 29-lb. valve springs. 
That difference is not quite as great as it looks, because the larger 
valve in the larger engines has more inertia to overcome, and that 
probably imposes more strain on the rocker-arms than the figures 
indicate. I believe that with the direct-operating valve it is necessary 
to inclose all the valve mechanism. I do not believe this is advisable 
on an engine that is supposed to run continuously at high speed. 

One of the disadvantages of rocker-arms is the side-thrust on the 
valves and stems. It is extremely important to have the valve stems 
and guides made of proper material. So far we have obtained the best 
results with a cast-iron guide on a tungsten valve. That will wear 
out after awhile or wear so that we want to change it, but we have 
had absolutely no failures through breakages or sticking. When we 
attempted to use straight steel on stems and guides we had consid- 
erable trouble. They would last only a few months. There is a limit 
in the power of an engine beyond which we cannot go and obtain 
really high efficiency and long life; of course, that argues for many 
cylinders for a high-power engine. 

We have tried reducing the angle between cylinder blocks of our 
engine. We cannot tell the difference between 40 and 60 deg. in a 
twelve-cylinder engine. From what I have been told of aircraft re- 
quirements it seems desirable to have the engine as narrow as pos- 
sible, offering a minimum head resistance. 

QUARTZ SPARK-PLUG INSULATORS 

Dr. R. H. Cunningham: — Has any one utilized quartz as the dia- 
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lectric of the spark-plug, and is it possible to get quartz in all shapes 
and forms? Quartz is a substance that one can heat red hot and drop 
in water without cracking it. Its coefficient of expansion is not ex- 
tremely highi but, protected by suitable metals or copper gaskets, 
quartz offers great possibilities. 

Dr. H. C. Dickinson: — The Bureau of Standards has been spend- 
ing considerable time in investigating the subject of spark-plugs. The 
question of using quartz has been discussed, but as yet we have not 
secured any quartz insulators to try. It is a question, however, 
whether the electrical properties of quartz will be as good as those 
of porcelain. We have discovered a number of peculiarities in the 
behavior of porcelain insulators, and we are trying to find out what 
is back of it all. We have found out what takes place when the in- 
sulator is overheated. We are trying to find out why it takes place 
and also to develop new types of porcelain without the faults of 
those at present in use. 

We have had considerable to do with the problem of carrying 
heat away from places, and it is possible that the water circulation 
in the jacket may merit considerable more discussion than it has re- 
ceived. It is a fact that most of the drop in temperature of the 
cooling water takes place at the surface of the metal. There is com- 
paratively little difference between an eighth and a quarter of an inch 
of metal when the circulation of water is fairly slow, as it is in 
most of the cooling jackets. Therefore, possibly a further considera- 
tion of the distribution of water, both as to rate of circulation and as 
to order of circulation, would be useful. 

J. H. Hunt: — Porcelain when very hot becomes a conductor, al- 
though there is no mechanical rupture. It is possible to heat por- 
celain or any glass and send a current through it without injuring 
it, in such a way that after it is cold it is just as good an insulator 
as it was before. I feel sure that is as true of quartz as it is 
of porcelain. 

Dr. B. H. Cunningham : — The insulators do not become good con- 
ductors or thorough conductors until they are very hot, and the ordi- 
nary heat of the charge scarcely affects quartz at all. In our efforts 
to work it we have to use the oxy-hydrogen burner. 

If the quartz or porcelain became sufficiently heated to permit 
sending the current through it, preignition instead of failure of 
ignition would occur. It is possible that the nickel-steel electrode 
will become red-hot. That may cause preignition, and often the ex- 
pansion of the electrodes causes cracking of the porcelain; at certain 
temperatures porcelain becomes more or less a conductor of the high 
frequency currents that are developed by some electrical apparatus 
employed for ignition. 

Dr. H. C. Dickinson: — If the ordinary porcelain insulator is 
heated at ordinary pressures of the air, the first thing that happens 
is that on reaching somewhere around 200 to 400 deg. C, which is a 
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moderately low temperature, the porcelain does not become a con- 
ductor, but a brush discharge takes place over the surface. If the 
pressure is increased the temperature of the brush discharge is also 
increased, and therefore the porcelain will attain a higher tempera- 
ture before failing in that way. But, judging from our experience 
with pressures up to about 200 lb., the failure is nearly always due 
to the brush discharge over the surface rather than to the leakage 
through the conductor itself. It is evident if that is what happens 
then that the form of the ignition current is also involved in the 
question of failure, and that is a thing that must be studied before 
we can arrive at any definite conclusion. 

ENGINE UMITATIONS 

H. p. Maxim: — I have been using a 100-hp. flying boat for the 
past year, and I have not had a failure due to exhaust valves. I have 
had considerable trouble with spark-plugs, but we have had still more 
trouble with piston-pins. We cannot fly more than two or three hours 
steadily before we have got to come down — something the matter. 

The trouble occurs not altogether because the porcelain becomes 
a conductor at high temperature or because the exhaust valve or an 
exhaust-valve stem sticks. I think it is because we have not yet built 
those engines well enough. 

A. Ludlow Clayden: — It is probable that Mr. Maxim's trouble 
with piston-pins is due to too much heat in the wrong place. Just as 
in other engines, the trouble is due to exhaust valves, or perhaps in 
most to the spark-plugs. 

The reason it is more difficult to make an airplane engine run 
more consistently than an automobile engine is that the average tem- 
perature in the cylinder is a great deal higher. I assume it is at 
least twice as high under ordinary conditions, and that being so 
everything is working under conditions twice as hard to meet. 

I was interested in the quartz plug suggested, because I received a 
wonderful story about three months ago to the effect that the French 
engineers were using quartz spark-plugs in Gnome engines. I was 
unable to prove it or disprove it. 

W. B. Stout: — The problems mentioned can be solved by coopera- 
tion, and the fact that so many large organizations are getting into 
the industry and attempting to build engines and even airplanes will 
mean a tremendous advancement in the art. 

J. G. Vincent: — The Champion Spark Plug Company at Flint has 
made some quartz plugs for me. They were fairly successi^ul, but the 
great difficulty was in getting the quartz and working it. From what 
were built by hand we could not determine really whether the quartz 
was any good. 

The steel cylinders of our large engine are 4 by 6 in., and are 
of ample length. The piston is guided properly at all times, even 
in a 6-in. stroke. The two valves are 2 in. diameter in the clear, with 
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30-deg. seats. The cylinders are in blocks of three each. Those blocks 
of three each weigh 37.5 lb., complete with the valves, valve springs, 
guides, collars and keys and everything, exclusive of the camshaft. 

We made some very similar steel barrels with cast aluminum 
jackets around them. The steel barrel extended up only just above 
the valve seat and the rest of the port was cast aluminum, as was 
also all the head of the jacket. No aluminum was cast around the 
barrel, except just at the top and where the jacket is attached. 
The lowest weight we could get with that construction was 42 lb. per 
block. 

There are many difficulties in the manufacture of steel cylinders. 
The difficulty is almost entirely, however, in the welding of the steel 
jacket. In our opinion it is a matter of design and selection of ma- 
terial. We have not learned all about it yet, because we are having 
some trouble, but we are confident that we are on the road to success. 

OVERHEAD CAMSHAFT DRIVES 

There are many different ways of driving overhead camshafts. 
The first time I laid out a spur-gear drive it looked complicated and 
heavy. After I designed that first drive I went ahead to make it, and 
not being satisfied I laid out a bevel-gear drive. A bevel-gear drive can 
be laid out for extremely light weight if the engine is very simple, like 
some that have no generator or starting apparatus, but if provision is 
made for driving a generator and two magnetos and a distributor sys- 
tem it is necessary to have too many drives. I found that the weights 
of the bevel j^ears and of the bearings that had to be used to take the 
thrusts are considerable, for the arrangement that looks the simplest 
weighs the most. There are seventeen spur gears in the drive of our 
engine, and something like thirty ball bearings. The total weight of 
the whole drive is 17 lb., C9fnpared, as I remember, with about 19 lb. 
in the bevel-gear drive. 

We anticipated trouble with cooling the reduction gearing, and laid 
out an elaborate system for flooding with oil. We also anticipated 
that there would be more loss than actually occurred. From some 
very rough tests we learned that the loss is less than 3 per 
cent. Those gears are 2 in. wide and they are transmitting from 212 
to 240 hp. in the various designs. We notice absolutely no ten- 
dency to heating up. Of course, they are mounted on generous bear- 
ings and there is little friction. At 1400 r.p.m. our engine developed 
180 hp. with direct drive; with geared drive it can develop 225 hp. 
just as easily; in that case the propeller would run ansrwhere from 
1000 to 1400 r.p.m. The complete propeller-shaft, gears and all bear- 
ings weigh 74 lb. which must be added to the weight of the engine, 
of course, to offset partly the increased horsepower. I cannot see 
how the direct-drive engine can ever compete with the gear-driven one 
as far as maximum horsepower is concerned. 

Chairman Manly: — One of the most interesting things I noticed 
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in the German engines I saw in Europe last summer was that the 
welding on any one cylinder was as uniform as the welding on any 
other cylinder. They seemed to be absolutely uniform. It would cer- 
tainly be worth a great deal to us if some people in this country would 
either develop the men or the teachers of the art of welding that would 
enable us to acquire that degree of skill the German workman has 
certainly acquired in the welding pf steel jackets on cylinders. 

AUTHOR'S CLOSURE 

L. M. Griffith: — Mr. Vincent's method has considerable value 
for cooling the exhaust-valve guide, but I think it affects very little 
the amount of heat withdrawn from the center of the valve head to 
the stem. The larger percentage of the heat goes through the seats. 

The coefficient of expansion of quartz is only about one-sixteenth 
that of porcelain, so that it would be impossible to maintain any ther- 
mal contact between the outside of the quartz insulator and the inside 
of the spark-plug shell. If it was tight when cold some kind of fol- 
low-up spring would be necessary to carry heat from the quartz to the 
jacket water. The center electrode could be taken care of by making 
it out of some alloy that did not expand, thus maintaining good 
contact between it and the quartz. 

When there is considerable metal between the plug and the water 
there is much probability of the plug overheating under pres- 
sure conditions that would not cause such trouble at all, provided the 
plug was of less thermal resistance or there was less thickness of 
wall between the shell and the water. Of course, the drop in tem- 
perature between the water and the plug shell is largely at the sur- 
face of the jacket. That temperature drop can be increased by a 
rapid circulation of water, a sort of scrubbing action. The velocity 
of water over surfaces from which considerable heat has to be with- 
drawn necessarily has to be higher. 

I could not find any material that would stand the temperatures 
that the plug electrode attains, owing to the impossibility of conduct- 
ing the heat lengthwise or through the insulator. It would simply 
melt off the end. I do not know whether it is entirely a matter of 
material. A scheme is being advertised now in which a small amount 
of air or the mixture is introduced into the cavity around the insula- 
tion of the plug itself, with the idea of cooling the insulator arid the 
center electrode. Cool air can be introduced from the outside or the 
mixture can be taken from the manifold. If the latter practice is 
followed the entire plug cavity is filled with a quick-firing mixture, 
probably increasing the rate of propagation of the fiame. 



Digitized by 



GooQle 



SUGGESTIONS FOR STANDARD TESTS OF 

AIRPLANES 

By Jno. J. RooNEY 

(Junior Member of the Society) 

One of the most serious questions confronting the airplane industry 
at present is: how can performance predictions be made more reliable? 
The importance of being able to predict the performance of a design 
with precision is brought home to us when we are informed that, 
during the past year, manufacturers have had considerable diffi- 
culty in obtaining with their machines the performance guaranteed to 
the Government in their contracts. This last feature is in itself 
serious, because it means not only much expense to the manufacturer 
but also delay in the delivery of the machines to our Army and Navy, 
a condition, which, if prevailing during war time, would be a national 
calamity. 

A brief analysis of some of our present methods may throw light 
on the causes of our trouble and possibly show us a solution of the 
problem. 

PROCEDURE NOW FOLLOWED 

The policy of the industry, generally, is to start the development of 
a new design by doing all the preliminary work in the best approved 
scientific manner. Laboratory tests are usually conducted with the 
highest degree of precision and the same scientific thoroughness is car- 
ried out in all the engineering work until the actual field testing is 
done, when carelessness occurs. 

It seems that it is the policy of some of the manufacturers 
to force successful performance regardless of the number of alter- 
ations in design required for the accomplishment. It is my opin- 
ion that in this particular we are making a grave mistake. The test- 
ing field is nearly always located some distance from the factory and 
the engineering staff; it is therefore impossible for the engineers to 
supervise all the changes that are made on the field and investigate 
the resulting difference in performance. Reliable records of engineer- 
ing value are seldom kept on the field, and as a result the engineers 
are deceived regarding the performance of the machine: first, be- 
cause they do not learn the truth about the performance ; and, second, 
because they have no record of the changes that have been made on 
the machine to make it come up to expectations — changes often im- 
portant enough to alter radically the original design. 

This means that when the next airplane is designed the same 
mistakes are made and the same slip-shod field methods are employed 
in making corrections that would have been incorporated in the design 
if the engineers had had accurate information as to their advisability. 

194 
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CONDITIONS DETERMINING PERFORMANCE 

We shall now consider some of the ways in which an airplane's 
performance can be affected. Two conditions affecting performance 
that are more or less uncertain and are capable of wide variations are 
the weather and the skill of the pilot. The effects of varying weather 
conditions are obvious. The effect of the personal equation can best 
be shown by citing actual conditions. The low speed of an airplane 
varies inversely as the magnitude of the angle of attack (that is, 
for all flying angles) , therefore, the higher the angle, the slower the 
speed. By being able to take advantage of this peculiarity a skilful 
pilot can land a machine at a lower speed than can an amateur. The 
skilful pilot can also obtain a higher maximum speed and a better 
climbing rate by being able to take advantage of other similar 
peculiarities. 

The speed of an airplane is a function of the wing shape and load- 
mg and is due to the thrust overcoming the resistance. The power 
developed by the engine depends on a number of different conditions. 
The performance of the propeller also depends on several variables. 
Therefore, since the performance of an airplane can be affected by so 
many variables it is preposterous for us to think we can continue con- 
ducting field tests in an unscientific way and at the same time make 
progress as rapidly as we should. 

IMPROVEMENT IN MAKING FIELD TESTS 

What I have to suggest is that we standardize field tests as much 
as possible. The automobile engineers have found it necessary 
in the development of their engines to have a complete record of 
all the changes they make in design and the effect they have 
on the engine's performance. As a result, they can predict with a 
high degree of accuracy the result of this or that change. In order 
to facilitate the recording they have evolved standard forms that 
contain all the important data they desire to record. Since they have 
already accomplished much by these methods, we should profit by their 
experience and conduct our tests in the same scientific manner. 

Standard Test Forms 

* 

Outlines of forms for airplane (I), engine (II) and propeller (III) 
specifications and for recording airplane performance data (IV) are 
given later in this paper. The specifications should be separated, 
as shown, to eliminate the necessity of having to rewrite the com- 
plete set in case only one of the units is changed. 

The sheet proposed for the S. A. E. Engine Testing Forms seems 
satisfactory for giving the engine specifications. This sheet and the 
accompanying directions are therefore reproduced. Form IV is pro- 
posed for recording test data. I have endeavored in this to include 
all the important observations obtainable with present instruments. 
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VALUE OP FLIGHT REPORTS 

The forms outlined are primarily for the manufacturer's use on 
the test field, but at the same time they should also be used on all 
aviation fields, especially on those belonging to the Government. The 
owners of aviation fields are in a position to collect much valuable 
engineering data and we should solicit their cooperation. By a little 
effort on the part of the testers at such fields the manufacturers can 
be furnished with reports on the performance of particular models 
under all kinds of conditions. 

Our sad experience in Mexico last summer is enough to show the 
importance of knowing the conditions under which machines are to 
be fiown. We should have reliable data on the climate and soil of 
every section of the United States, as these two conditions may at 
some time completely determine the design. 

At present performance tests cannot be conducted as scientifically 
as we hope they will be in the future, owing to lack of proper instru- 
ments. The present instruments are nearly all non-recording, and are 
usually separate, which means that simultaneous readings are impos- 
sible. In some work, particularly in propeller designing, it is necessary 
to know the simultaneous velocity of advance, revolutions per minute 
and power absorbed. If correct values of these quantities are not 
known propeller designing is mere guess work. 

An ideal arrangement of the instruments would be to mount them 
in one case and have one clock operate a recording device. If such a 
combination is not practical we should at least try to develop a record- 
ing air-speed indicator and tachometer, if for nothing more th^i to 
check our propeller computations. 

AUTHOR'S CONCLUSION 

Performance predictions can be made more reliable by satisfactorily 
checking our laboratory experiments with actual field tests. Whether 
we use the plan outlined above, or some other to furnish that check, 
let us by all means increase the value of our field tests. 



I — Suggested Form for Airplane Specifications 

Manufacturer 

Model Serial No 

Side Elevation^ — Drawing No 

Front Elevation — Drawing No 

Plan — Drawing No 



Type 



Tractor or Pusher 

Land or Water 

Planes, No 

Planes (Position) . . . . 

Engines, No .• . . . 

Propellers. No 

Engines (Position) . . . . 
Propellers (Position) . 

Body (Kind) 

Landing Gear (Kind) . 
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Areas 



Upper Wing (Excl. Ailerons) 

Middle Wing (Excl. Ailerons) 

Lower Wing (Excl. Ailerons) 

Ailerons sq. ft. each . 

Total Supporting Surface 

Rudder 

Tail 

Pin 

Elevator 

Skid Plane 



.■q. ft 
.sq. ft 
.sq. ft 
.sq. ft 
.sq. ft 
.sq. ft 
.sq. ft 
.sq. ft 
.sq. ft 
.sq. ft 



Weights 



Dead Weight 

Useful Load : 

Pilot 

Passenger 

hr. fuel at lb. per b.hp. hr. 

hr. oil at .- lb. per b. hp. hr . 

Other Weights 



.lb. 



.lb. 
.lb. 
.lb. 



Gross Load 

Load per sq. ft of Supporting Surface. 
Load per b.hp. of Engines 



.lb. 
.lb. 
.lb. 



Design of Wings 





Upper 


Middle 


Lower 


Aerofoil 






Mean Span, ft • 

Mean Chord, ft 














Dihedral Angle, deg 

Angle to Engine Shaft, deg.. 

Area, sq. ft 

Spars, No 

Sweepback, ft 

Stagger, ft 


































, 




Mean Aspect Ratio 

Gap to Chord Ratio 

Rake, deg. 





















Type 


Body 






Length from Nose to Stern Post. 




.................ft 


Breadth (Max.) 




ft. 


Depth (Max. ) 




ft 


Stern (Vertical or Horizontal) 


Weight (Bare) 




lb 


If Boat: ^ 

Displacement 




cu. ft. 


Planeing Area 




sq. ft 



Type . 



Landing Gear 



Wheels or Floats, No. 

Gage 

Wheels 



. in. dia. . 



ft 

.in. width 
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Floats ft. max. lengrth ft max. width 

B^oat Displacement cu. ft. 

Struts, No Kind 

Wing Float, Size ft. max. length ft max. width 

Weight lb. 

Displacement cu. ft 

Tail Float Size ft max. length ft. max. width 

Weight lb. 

Displacement cu. ft 

Controls 

Type 

Angle of Tail Plane to Engine Shaft deg. 

Ailerons, No 

Position 

Rudders, No , 

Position 

Center of Gravity 

Horizontal Coordinate Measured from in. 

Vertical Coordinate Measured from in. 



II — ^RULBS AND DIRECTIONS FOR USB OP SPBCIFICATION SHEET 

(See corresponding numbers on sheet, page 199) 

(2) Piston displacement, see tables, S. A. E. Handbook, Vol. I, sheets 
42-421. 

(3) The compression volume is the volume occupied by the charge when 
the piston is at the top of the compression stroke. To measure this volume, 
with the piston on dead center at end of compression stroke (with both 
valves closed) fill the compression space from a graduate containing a known 
volume of light oil or kerosene. Care must be taken to correct for leakage. 
Total volume of cylinder = piston displacement -|- compression volume. Give 
compression pressure at 100 to 120 r.p.m., or at speed of standard starter. 

(4) State number of cylinders cast integral, whether offset, type of cyl- 
inder head, whether water space is provided between adjacent cylinders. 

(6) State whether water or air-cooled. If the former, state whether 
pump or thermosyphon. Note if two pumps or thermostat are used. State 
type of pump. 

(7) Weight of piston with rings and pin should include weight of bush- 
ings, screws, or other p:ston-pin fastening devices in the piston. Record all 
weights in pounds and decimal parts thereof. In measuring length of piston 
and distance from center of pin to top of piston, deduct any chamfer or crown 
at top of piston. 

(8) Specify whether rings are concentric or eccentric; give name, sketch 
or description of special types. If oil-ring is used, state location. 

(9) In giving weight of connecting-rod, include weight of all bushings, 
bolts, screws, and oiling devices normally attached to the rod. For piston-pin 
see (7). The connecting-rod must be horizontal while the ends are being 
weighed, the ends being supported by knife-edges or arbors. For V-type 
engines, state lower end construction. 

(10) Under location, state whether in connecting-rod or piston. 

(12) Diameters and lengths of bearings are to be stated in order from 
front to rear. 

(14) Describe contour of cam, such as, uniform acceleration, tangential. 

(15 and 16) In case of non -poppet valves describe and give dimensions. 

(17) Reciprocating parts of directly operated poppet valves include valve, 
valve-lifter, valve-spring retainer and lock, and half of valve-spring. 

(19) To determine valve-timing, mark top and bottom dead centers on 
flywheel rim; also points at which each valve opens and closes, engine cold 
and tappets set for standard clearance. Measure with flexible steel tape the 
length of arcs thus marked on flywheel. Reduce to degrees. Check both top 
and bottom dead centers for engines with offset cylinders. 

(20) Moment of inertia of the flywheel is to be given in mass (weight in 
pounds -^ 32.2) and foot units. Moment of inertia is equal to the mass multi- 
plied by the square of the radius of gyration. I = M RK 

(21) The .complete weight of engine should include oil, water, and all 
mechanically attached units necessary for normal functioning of engine, such 
as carbureter and its attachments, magneto, ignition distriDutor, generator, 
starting motor, fan and governor. Do not include such accessories as horn, 
tire-pump and vacuum tank. List weight of each item separately. 

(24) State if heated by water or exhaust, and whether part or all of the 
air entering carbureter is heated. 

(25) Under "general principles of operation" give description; as: **Vw- 
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turi type with single adjustable nozzle and singrle auxiliary air-valve with 
one spring;" "straight-tube type, four non-adjustable nozzles coming into 
operation successively as air-flow increases." 

(26) By description and sketch, give general form, approximate inside 



S.A.B. ENGINE TESTING FORMS— SPECIFICATION SHEET— B 



•(I) ■w ur riT^yt, 



(t) Cii^rinlHV<i.(V«) «Llfc,TtWV«l.«ICit(V)_ 



<4) iyH«(«lll-C«<li8- 



0) rWw,TyH 

VLvMRIiifaaMna ft.,LMfUL. 

9) C I IM -M*<,T>H- 




(tl) 1NI|M«IE4ii 



f^) Cwtanlir, NwM iM Mt^tl 

(M) MmHmM 



^) BMCripliMoiliiUkaPlpa. 



(IT) NwMaadiyHifS-**^ 

(«■) TyH«(M>Mbii^ Mh^ 

(M) tptrt-nngs^NamndTyH 

(W) UerilM — ^ 



(St) TyHM«DM«ripllM 



II — Reproduction op Suggested Airplane-Engine Specification Sheet 
diameters of different portions, and specify which, if any, parts are jacketed. 
(27) In case of two systems, state which was used in test 
(29) State if spark is fixed, or if spark control is automatic or manual. 
Maximum spark advance and retard are to be given in degrees of crankshaft 
rotation. 
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(30) Give material of insulation, number of sparking points on electrodes. 

(31) In addition to exact location in combustion chamber, state whether 
vertical, horizontal or inclined, and whether plug extends into combustion 
chamber. 

(32) Give the general type of lubrication system, as: "recirculating 
splash;" "force-feed and spray;" "complete force-feed." Then describe in 
detail action of system and course taken by oil. State oil pressures and type 
of pump used. State name and grade of oil used. 



Ill — Suggested Form for Propeller Specifications 

Manufacturer 

Serial No Dwg. No 

Blades, No 

Diameter ft. in. 

Material 

Laminations, No 

Type (Continuous or Spliced) 

Sheath (Kind) 

Weight lb. 

Length in. 

Method of Securing to Blade 

Propeller Weight lb. 

Hub Diameter in. ; Distance between Flanges in. 

Bolts, No Dia in. ; Radius of Bolt Circle in. 

Designed for hp. at r.p.m. and m.p.h. 

Theoretical Thrust lb. 

Theoretical Power Required hp. 

Theoretical Efficiency per cent 



Section Characteristics 



Radius, in 

Angle of Attack, deg. . 


12 


18 


24 


30 


36 


42 


48 


59 


60 


Pitch, in 




















Aerofoil 


















Chord Lenelh. in 


























1 













IV — Suggested Form for Recording Test Data 

Test of Model Airplane No 

Manufactured by 

Test made for at o'clock 

19. .,. on : Field U. S. A. 

Dimensions and Description 

Length of Course, miles : circular straight 

Total Weight of Aii*plane and Load on Test lb. 

Useful load : men lb. ; fuel lb. ; 

oil lb. ; other weights lb. 
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Manufacturer 

Model Serial Nos. : Right. 

Propeller 

Manufacturer 

Dwg. No Serial Nos. : Right. 

Remarks 



.Left. 



.Left. 



Condition 
of Airplane 
over Course 


j Time, 
min. 


Altitude, 
ft. 


Air-Speed 

Indicator 

Readings, 

m.p.h. 


R.p.m. of Engines 
Right Left 


Angle of Attack, 
deg. 


Standing 









Plying 

with 

Wind 














Plying 
against 
Wind 














Plying 
across 
Wind 














Landing 


.... 1 










Climbing .. 


1 












Climbing .. 2 
Climbing .. 3 
Climbing .. 4 
Climbing . . t 








































Climbing . . 


6 

7 










Climbing .. 








Climbing .. 8 
Climbing .. « 


















Climbing .. 
Climbing . 


10 










max 






' 











Get-Ojf 

Time min. Distance ft. ; against wind across 

wind Condition of Field 

Weather Conditions 

Sunny or Cloudy 

Temperature deg. F. 

Barometer in. Hg. 

Height above Sea Level ft. 
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Wind 

Direction 

Velocity m.p.h. 

Steady or puffy - 

Uptrend 

Witnesses 

Signature of Official Observer 

Signature of Pilot 

Note: Baragram, photogrraphs, etc., should be attached to this report 



DISCUSSION 

Chairman Souther: — Mr. Rooney has touched on a practical 
problem. The test procedure in the field is necessarily incomplete, 
and anything done in systematizing the work is surely a step in the 
right direction. 

RuFUS B. Jones : — I heartily endorse any effort at standardization 
of airplane tests. At present there is not sufficiently close relation 
between the flying field and the factory. I do not, however, entirely 
agree with Mr. Rooney's statement that the first scientific careless- 
ness occurs when the finished machine is tested out at the aviation 
ground. 

I should place a great deal of blame on inaccuracy in actual manu- 
facture rather than upon those who get the data and make the altera- 
tions. Part of this inaccuracy is due to a lack of interest and per- 
sonal initiative in the manufacturing engineers themselves, owing 
often to the great demands of their own parts of construction. Sec- 
ondly, the phenomenal growth of the airplane industry (fostered 
largely by the European war) and the speed with which production 
has been urged have stood in the way of developing a valuable pre- 
cision in both manufacture and tests. 

It seems that the best way to bridge the gap between construc- 
tion and flying tests is to have a chief engineer thoroughly familiar 
with both of these departments. Successful performance prediction 
is assured only by the use of three requisites ; theory, data from prac- 
tice, and "good horse sense." By careful study theory can be mas- 
tered in a comparatively short time, but its value becomes greatest 
when combined with experiment. 

Data taken from machines should be in simple, compact form, and 
should consist only of general characteristics essential to perform- 
ance. To my mind, Mr. Rooney's suggested data sheet, while thorough 
and scientific, seems too detailed for the average field records. The 
sheet forms a working basis, which actual tests alone can justify or 
modify. 

Government requirements should be broader and laid out more 
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from practical data and less from calculation. Rigid performance 
specifications should not be embodied in contracts until some experi- 
mental work concerning the machines in question has been done. If 
more care and time were spent on the experimental machine and upon 
the drawing up of rigid performance specifications there would be less 
difficulty in producing successful and acceptable machines. 

Capt. H. W. Harms: — We have had more or less trouble, particu- 
larly with the manufacturers, in carrying out the guarantees of per- 
formance, probably because their design and theoretical predictions 
were not quite as reliable as they had felt. An accurate field test 
would be desirable for the purpose of having accurate records of 
design and predictions of performance, so that the difference between 
the actual performance of the machine and the predicted performance 
should be more or less consistent. In the original design of the 
machine and prediction of performance that slight difference would 
always be considered. 

C. M. Manly: — I think that no one questions the necessity tor a 
consistent method of procedure in our tests, just as much in the 
matter of testing of the airplane itself as in testing the engine. We 
have apparently just arrived at the point where there is some real 
object in getting comparative results. Only a small amount of real 
test work has been done heretofore. Very few specifications had had 
to be met. The main thing was to produce a machine that would 
fly. Until the last two or three years little cross-country flying has 
been done in this country, and little in the way of altitude work, out- 
side of competitions. 

The main thing now is to try Mr. Rooney's suggestions, see what 
has been put in that is not needed, or what has been left out that is 
needed and get some real constructive criticism based on actual tests 
in the fidd. 

Howard Huntington: — If different machines are to be compared 
we must have some basis for determining what load is to be carried in 
the tests. The amount of the load to be carried is arranged for but it is 
not a definite amount, simply showing what load was carried on this 
particular test. It is hard to decide what load should be carried in 
any test, because different machines are designed for different pur- 
poses, but why not arrive at a standard of this sort; have the load 
to be carried that for which the machine is designed with a given 
amount of fuel, that is, fuel for a given number of hours, simply for 
the purpose of comparative tests. I would recommend that fuel be 
carried in all of these tests sufficient for a two or four-hour period if 
a standard of this sort is to be adopted. The load should amount to 
that which the machine is designed for, two passengers, four passen- 
gers, a military load, of so many pounds, or whatever it is intended for. 

ENGINE CONDITIONS IN THE AIR 

Ferdinand Jehle: — Mr. Rooney said the experimental work in 
the field was more or less hit or miss. The statement applies to a 
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great deal of laboratory work as well. The standard tests laid down 
for testing automobile engines should be modified before using them 
for airplane engines. The latter is used for a different purpose. 

Heretofore tests of aviation engines have been made at open 
throttle practically all the time. The aviator is up in the air where 
the pressure is considerably less; therefore, I think the standard test 
should include tests at different atmospheric pressures. That is not a 
ve. y difficult thing to do. At the laboratory of the Automobile Club 
of America we put every engine through a set of tests in which we 
varied the barometric pressure. 

Such tests would be excellent for studying the performance of 
carbureters. We would find that some carbureters are more adapted 
than others for use in aviation engines, because the difference in 
barometric pressure does not make as much difference in engine 
performance in some carbureters as it does in others. 

Another important set of tests would be to run the engine at dif- 
ferent speeds, and vary the load at these different speeds, just as the 
load would if the engine were driving the propeller. An important 
measurement at these speeds would be the fuel economy. 

We should have some more reliable data of what we want the 
engine to do after it is in the air. That is, let us have some record- 
ing instruments installed on the airplane. We know from the altitude 
what the barometric pressure is, but we may not know the pressure 
forcing the air into the carbureter. That may be operated so it 
scoops up the air or operates under less pressure. 

We should have the actual record of power performance of the 
engine in flight. It seems to me that a transmission dynamometer 
could well be applied, inserted in the propeller-shaft; it is not heavy 
and can easily be converted into a recording instrument. • 

Prof. J. C. Riley: — We can inclose the inlet to a carbureter or 
reduce the pressure at that point to about 9 lb. instead of 14.7 lb. 
absolute, the former pressure corresponding to about 10,000 or 11,000 
ft. altitude. It is easy enough to throttle the carbureter inlet so 
as to reduce the pressure. It is a little more difficult to collect the 
exhaust gases from the machine and carry them away as fast as they 
are liberated. Some aviation engines have exhaust manifolds; others 
have short individual exhaust pipes for each cylinder; others have 
none, and the rotating cylinder engines discharge directly into the 
air. 

I have tried to devise some arrangement by which the low-pressure 
condition and blast of air can be applied to the engine, duplicating 
as nearly as possible the conditions on the surface. I came to the 
conclusion that with most of the engines up there it is possible prac- 
tically to take all the air from the carbureter through a single opening, 
and that opening can be walled in. With the water-cooled engines it 
will be possible to remove the gases at low pressure. But we must 
remember that what would apply to a water-cooled engine in the air 
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does not apply to an air-cooled engine or engines of the rotating- 
cylinder type. 

Something more than just simply the air blast on the engine must 
be considered. A pound of air at the surface of the ground occupies 
about 12^ cu. ft., and a pound of air at 12,000 ft. altitude occupies 
about 17 cu. ft. of space. That air is blown along by the cylinders 
at varying rates. However, the removal of heat is dependent on 
the weight of air. In order to duplicate conditions in real service, 
with the engine in the air, a blast of air at low pressure conditions 
should be available. 

Any device for testing engines of various forms will probably 
have to take the form of apparatus in which low temperature, low 
pressure and a blast can be maintained. The low temperature can 
be produced by artificial refrigeration in something similar to a 
refrigerating machine. It can be produced by taking air that is 
blown against the engine at low pressure and letting it expand from 
atmospheric pressure to that low pressure through what is equiva- 
lent to an air engine. The scheme would be something like this; a 
centrifugal air compressor would draw the blast by the engine at 
9 lb. absolute, compress it to atmospheric pressure, and get it away. 
The compressor would be on one end of the shaft and on the other 
end of the shaft would be an air-operated engine ; air from the atmos- 
phere, at 14.7 lb. pressure, would pass through that machine and 
come out at 9 lb. at low temperature. The real difficulty is that it 
will come out at too low a temperature. It will come out at a temper- 
ature below zero, thus duplicating conditions in high altitudes. A snow- 
storm results, but perhaps we can work out something to overcome 
that. However, we can reproduce the condition of as much air as 
is required at the actual pressure required and at a low temperature. 

E. A. Sperry: — On some parts of the fighting line flying at an 
altitude of 15,000 ft. is suicide, and they have to go 20,000 ft. So 
that a pressure of 9 lb. absolute is a bit conservative. If we design 
a machine to take care of this, we must consider 7% or 7 lb. 

J. R. Cautley: — An airplane engine is not working on a horizontal 
plane. Therefore in any block test it seems to' me we should work out 
some method of testing the engine when placed at an angle. 

Prop. J. C. Riley: — What value would be placed on tests in 
which the engine is tipped to a diving angle and held in that position 
for a minute and a half? Is it too severe? 

C. M. Manly: — We make the tipping test for both diving and 
climbing angles on all types of engines; the U. S. Army and Navy and 
foreign purchasers demand a tipping test of that kind. We have not 
tested any engines upside down yet, but we probably will have a de- 
mand for such a test before very long. 

Chairman Souther: — With all these difficulties presenting them- 
selves, shall we be obliged to draw inferences from ground tests fol- 
lowed by flight, and be satisfied with them? Many tests performed in 
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engineering work are not made under absolute service conditions, and 
yet by the practical knowledge, coupled with the laboratory tests, we 
arrive at a satisfactory result. 

Ferdinand Jehle: — We might be satisfied for the time being 
with testing under as near actual conditions as we can produce. Take, 
for instance, testing a carbureter under less than atmospheric pres- 
sure : If we study carbureters alone for the time being, studying fuel 
economy and power, the absolute pressure that the exhaust is under 
is not of as great importance as is possibly the pressure of the in- 
coming air. The exhaust pressure has not as much to do with the 
mixture as has the incoming air pressure. The cooling of the air 
would be of great importance of course when testing the air-cooled 
engine, especially when using the cooled air under the reduced pressure. 

AEROLOGICAL DATA 

Prof. W. R. Blair: — The paper states that we should have reliable 
data on the climate and soil of «very section of the United States. I 
think such data are at hand. We vdll get the information for the 
use of inquirers, or tell them where they can get it. 
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EVOLUTION OF AIRPLANE WING-TRUSSING 
By F. W. Pawlowski 
(Non-Member) 

It is hard for an inventor or designer to break away from the 
forms, types or examples already existing in nature; the first efforts 
to build a flying machine were therefore attempts to imitate the 
flapping of birds' wings, just as there were attempts to build loco- 
motives that moved on legs. 

We know how the airplane was finally created. It is not a replica 
of a bird; it does not imitate the bird-motions in flight (except to a 
certain extent in gliding flight), but it still retains the essentials of 
a bird's wing, although modified and immovable. 

The problem faced by our predecessors of building wings large 
enough for a man-carrying glider or airplane, was an extremely 
difficult one. They had to determine how the big wing surface was 
to be made of light weight and rigid at the same time and also how 
the members of the wing framing were to be arranged. 

MONOPLANE WING-TRUSSING 

The examples furnished by nature in the wings of insects, birds 
and bats, already adopted for the construction of the umbrella, im- 
posed themselves so strongly upon the minds of inventors that it is 
no wonder we find their application in the early flying-machine, and 
even in Lilienthal's (1896) and Pilcher's (1899) gliders. Fig. 1, and 
Ader's airplane (1897). 

The fact that Henson at the early date of 1842 adopted the Fink 
truss for his wing construction must be considered and recognized 
as extraordinary. High credit must be given his power of mind 
and constructive ability. The Henson wing construction contains all 
the essential elements of the modern airplane wing, such as front 
and rear spars, and main and secondary ribs. The reduction of the 
number of exposed wires as compared with the umbrella type was 
considerable, and it is really surprising that Lilienthal, Pilcher, and 
others did not adopt Henson's construction. Much later (1909) 
Levavasseur adopted it almost without change for his Antoinette 
monoplane (Fig. 2). (In this, as in most of the following figures, 
all the so-called lifting wires are shown by full lines and the so-called 
landing wires by dotted lines.) 

Several other designers of recent date adopted Henson's con- 
struction also, as it has the advantage of keeping the wings rigid 
even after they are detached from the body. 

Although, in the meantime, the biplane wing became more promi- 
nent, we will proceed with the evolution of the monoplane wing. In 
1910 Bl^riot adopted the Pratt truss, already popular in biplane 
construction, for his monoplane, which was of considerable span 
(Fig. 3) . He evidently resigned voluntarily the possibility of almost 

207 

Digitized by CjOOQIC 



208 THE SOCIETY OF AUTOMOTIVE ENGINEERS 

doubling the wing area without much increase of resistance to 
motion. 

Just a slightly different construction has survived until the pres- 
ent time in the German Taube (Fig. 4). 

The type of monoplane shown in Figs. 5 and 6 rapidly became 
the most popular on account of its simplicity of construction and 
ease of adjustment. 

The use of four pairs of lifting and landing wires on each wing, 
as in Deperdussin's seaplane, seems to be an unnecessary introduc- 
tion of too much structural resistance. Two pairs of wires (Fig. 6) 
are the best, and are sufficient even for large-span machines; one 
pair of wires is sufficient for small-span racing machines. An ex- 
ample is the Ponier machine, which competed so splendidly for the 
1913 Gordon Bennett Cup. 

In 1900, before any other machine had flown, this type of wing 
trussing was used by Kress for his flying-boat, which was of a 
triple-tandem monoplane type. The interesting thing about it is 
that Kress was not an engineer but a tailor. 

The resistance of the wires is a considerable item in the total 
structural resistance, so that Blanc in France actually built (1913) 
a monoplane with cantilever wings (Fig. 7), a rather risky construc- 
tion considering the wing area used. 

BIPLANE WING-TRUSSING 

The difficulty of building large wing surfaces was realized as far 
back as 1866 by Wenham in England. He built a sort of multiplane 
kite, while Stringfellow in 1868 produced a triplane model, which 
unfortunately did not fly. But in spite of the remarkable example of 
Stringfellow, such prominent mechanical engineers as Sir Hiram 
Maxim (1888) with his huge multiplane, and Lilienthal (1896) with 
one of his biplanes, could not produce a simple and statically clear 
structure to combine the planes of their machines. A bridge engineer 
was the first to do so, and it was Octave Chanute who put the bridge 
truss in the biplane. Of course, it could be the Pratt truss only. The 
idea was adopted immediately by all airplane builders. As few of 
them were closely familiar with the principles of frame structures, 
there was some abuse of the "struts and wires" so that many biplanes 
of the early part of the modern era of aviation resembled closely the 
wire entanglement for field fortifications; this is shown in Fig. 8, 
in which the dotted lines represent the diagonals that were ulti- 
mately omitted. 

The type shown in Fig. 9 soon became standard and prevails at 
the present time, the number of panels on each side varying from two 
to four in various constructions. Panels of equal dimensions, Fig. 9, 
are justifiable for bridge trusses, but are not the best for airplane 
trusses. By varying the width of panels, as shown in Fig. 10, the 
structure can be made of lighter weight or for the same weight, 
stronger. 
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Fig. 3— B14riot Bus, TJ"^^^"!/" 

>Ionoplane | pig, 4— Etrich-Taube 

Monoplane 




Fig. 5 — Standard Type 
of Monoplane 




Fig. 6 — Standard 
Monoplane 



k 

— Blanc Monoplane ff \ 




Fig. 8 — Early Type of Biplane 




Fig. 9— Standard Type of 
Biplane 




Fig. 10 — Standard Type , 
with Variable Panel- 
Width 





Fig. 12 — Overhang Type 

Fig. 11-Overhang. TypeX / i Vt ''"'^ Landing Strut 
With Landing-Wire 
Bracing 



Figs. 1 to 12 — ^Examples of Monoplane and Biplane Wing-Trussing 
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The forces acting in the spars increase from wing tip toward the 
body; it is advisable therefore to decrease the bending or buckling 
length of the spar stations in that direction. Also, for the struts and 
wires the arrangement in Fig. 10 is more advantageous as the forces 
acting will be more uniform ; that is, the extreme struts and wires are 
loaded more than those in Fig. 9. The members close to the body 
are loaded less, thus rendering the dimensions of these members 
more uniform. This advantage of the variable-panel truss is not yet 
fully appreciated, although the arrangement appeared in France five 
or six years ago. 

Then came the overhang-type biplane, with its well-known 
mechanical and aerodynamical advantages. It was introduced by 
Henry Farman but had already been incorporated in the remarkable 
triplane model of Stringfellow. It is inconceivable, however, that 
Stringfellow had the same reasons for using overhang as had Farman. 

The overhang has either landing-wire bracing, Fig. 11, or landing 
strut, Fig. 12, the latter arrangement being more advantageous as 
it offers less resistance to motion. 

The resistance of struts and wires is a considerable part of the 
total structural resistance and the tendency to minimize the number 
of such members is therefore justified. An extreme example is 
one of the Breguet airplanes, which had one panel 10.5 ft. long 
on each side of the body, in a niachine of 40-ft. span, thus leaving 
about 8 ft. of free overhang on the upper wing (Fig. 13). 

A more radical departure from the typical Pratt truss is dis- 
played by the Henry Farman half-and-half monoplane and biplane 
machine (Fig. 14). The span of the upper wing is three times 
greater than that of the lower, so that the airplane is really a 
biplane' (the central part) with two monoplane wings attached at 
the tips of the upper biplane wing. These machines are still in use 
in the present war. 

The Ponier-Pagny biplane truss (Fig. 15) with equilateral tri- 
angles formed by struts and landing wires is a modification of the 
Pratt truss, as its essential members are the long diagonals of the 
rhomboidal panels. 

Forms of Wireless Trusses 

The real triangular bridge truss was introduced by the Albatross 
company in Germany about four years ago. The two examples 
shown in Figs. 16 and 17 are commonly known as wireless trusses. 

The advantage is based on the considerable difference between 
the resistance coefficients of struts with stream-line sections and of 
wires or cables, the ratio or coefficient being about one to ten. As the 
thickness of struts is about ten times greater than the wire diameter, 
the elimination of landing wires by substituting for the lifting wires 
members that will transmit forces in compression as well as in 
tension offers interesting possibilities. 
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c"' I I I Fig. 13— Br6guet Bi- 
plane with Single 
Panel 




Fig. 24 — Curtiss Triplane ^^^^ 

F/g. 25 — Complicated Form of 
Biplane Truss 

Figs. 13 to 25— Examples of Biplane and Triplane Wing Trussing 
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As a matter of fact, the total length of all web members of a 
wireless truss can easily be made much less than one-half the total 
length of all wires and struts of the usual truss, so that the resist- 
ance of the web members can be reduced almost one-half with a small 
increase of weight. 

With this construction it is difficult to connect the wooden struts 
to the sockets so as to transmit safely considerable forces in tension; 
it is also difficult to rectify the structure after it warps. When the 
wooden spars and struts are eliminated, tumbuckles and other ad- 
justing devices are entirely unnecessary; also the difficulty of trans- 
mitting forces in tension is avoided; so it is curious that the wireless 
truss is not popular. 

Just recently the Curtiss company has produced an interesting 
type of wireless truss (Fig. 18), in which the number and lengfth 
of the exposed members are minimized. The construction is especially 
adapted to the fast small-span racing or scouting machines. 

It is possible to imagine a strutless truss as a combination of 
two pairs of monoplane wings with the usual bracing (Fig. 19), but 
the total length of wires is considerable, so that the advantages of 
such a construction would be doubtful. Another form of strutless 
truss (Fig. 20) is much more promising and with the appearance 
on the market of wires having stream-line sections, it is possible that 
the structural resistance can be reduced even further than is the case 
with the wireless truss. Fig. 21 shows that this construction also 
can be well adapted for the overhang biplane. 

EXAMPLES OF TRIPLANE TRUSSES 

There were and there are few triplanes. The trusses can be 
treated here along the same principles as the biplane truss. I men- 
tion the triplane because in several instances the problem has been 
treated incorrectly, as shown in Fig. 22, in which the full height of 
the truss is not utilized, although it would increase the strength of 
the truss about four times. Figs. 23 and 24 show examples of 
correct treatment. The triplane has a mechanical advantage of de- 
creasing the buckling length of struts by half, which makes them 
relatively several times stronger. 

Fig. 25 shows a more complicated case of biplane truss for 
large high-power machines. The more uniform distribution of masses 
along the truss makes it lighter and stronger. (I omit entirely the 
<!t.esrion of dynamical stability involved in spreading out the masses 
in this case.) Here also different solutions are possible. In the 
Sikorski method the engines M are placed on top of the lower wing, 
close to the inner side of the struts. In the French method the 
engines are put between pairs of straight struts (see the full lines 
only). In the Curtiss method the engines are fixed between some 
special crooked struts (see the dotted lines). Each method has some 
small advantages and disadvantages, which can easily be seen from 
the figure. 
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SIDE-BRACING OF AIRPLANES 

Until now we have considered only the airplane wing-truss as 
viewed from the front, or the so-called lift-trtiss. Inside the wings, 
however, are placed the so-called drift-trussea.* Both the lift and 
the drift-trusses are combined to form a rigid three-dimension 
structure by means of bracing in planes passing through the struts 
and parallel to the plane of symmetry of the whole machine. This 
bracing is visible in the side-view of the airplane and I will call it 
Btde-bracing. 

Side-Bracing of Monoplane Wings 

Usually each monoplane wing has two parallel or slightly con- 
verging spars — ^the front and the rear spar. Each pair of spars, 
together with some central pylon or the landing chassis, taken as 
king post, form the front and the rear lift-trusses. Both are fixed 
in case of aileron control, or the front-truss is fixed and the rear 
one movable in case of warping. A monoplane has usually a double 
lift-trussing; the spars are at the same time members of both the 
lift and drift-trusses. 

Fig. 26 shows the side-bracing of the Bl^riot monoplane-bus, on 
which the rear spar is braced to the lower girder of the single lift- 
truss. This arrangement is more advantageous than the one on the 
early type of Etrich-Taube (Fig. 27), because the separate lift and 
drift-truss (requiring three spars) is uneconomical from the 
mechanical point of view and the two wires offer about twice as 
much resistance as the single-strut brace in Bleriot's construction. 
The recent type of Taube has side-bracing similar to that shown 
in Fig. 26. 

Side-Bracing of Biplane Wings 

The side-bracing of biplane wings offers many possibilities of 
design. The most common types, Figs. 28 and 29, are based on 
the same principle, but are adapted to the so-called straight and 
staggered biplane respectively. 

The terms "lift-truss" and "drift-truss," although conventional, 
are not quite correct. None of the trusses takes care of lift or drift 
alone. Really, the resultant air-reaction upon the wings resolved into 
components parallel to the planes of the lift and drift-trusses gives 
the external forces acting on the trusses. 

These components differ considerably from the drift and lift, 
not only in case of a staggered biplane, but also in a straight biplane, 
in which, for instance, at slow flight and large angle of incidence the 
forces acting on the drift-truss are frequently opposite in direction 
to the drift. 

Figs. 30 and 31 show the N-type side-bracing, with which again 



•The drift-truss, bein^ enclosed by the wingr, does not Involve aero- 
dynamical problems, and can be treated in any desirable way from the 
ttnictural point of view only. A discussion of it is therefore omitted. 
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the resistance of the wires of the ordinary bracing (Figs. 28 and 29) 
can be decreased by half. This bracing, especially when combined 
with the wireless lift-truss (Figs. 16 and 17), offers new and inter- 
esting possibilities for heavy large-span airplanes. It was applied 
by the Albatross company in the form of a triple lift-truss, which 
seems to be an unnecessary complication, as simpler combinations 
are possible. 

Fig. 33 shows the V-type side-bracing, found in the modern Nieu- 
port scouts. The two converging struts are fixed in a special socket 
fitted between the spars of the lower wing. This construction is also 
adaptable to straight biplanes (Fig. 32) but in both cases is espe- 
cially good for an unequal-chord biplane. Although the trussing in 
the Nieuport machine is treated as of the double lift type, there is 
no reason why it could not be treated as a single lift-truss (preferably 
the rear one) with front struts acting as braces. 

Development of Single Lift-Truss 

The first single lift-truss was used in one of the first Chanute 
gliders, which was a quintuplane. Chanute, however, did not seem 
to appreciate the advantages of the single lift-truss system, as he 
adopted the double lift-truss for his subsequent machines. 

It was Breguet who (1909) produced and advocated the single 
lift-truss biplane, his main object, however, being to vary automati- 
cally the angle of incidence of the wings, which were hinged to the 
steel tubular spars (Fig. 34). 

A more, perfect and elegant construction of the single lift-truss, 
which can be called I-type side-bracing, or simply I-strut, was used in 
Dorner's flying boat (1913). The struts, Fig. 35, were fixed in sockets 
having long bases that reached from the front spar to the rear spar 
and were fixed to the spars. An almost identical construction was 
adopted in 1914 for the R. A. F. fast scouting machine. Mechanically, 
the front and rear parts of the socket bases can be considered as a 
cantilever subject to bending, accordingly as the center of pressure 
moves forward of or past the center of the strut. The struts are 
thus subject not only to comj)ression but also to bending. The bend- 
ing moments however in the average-size machine are comparatively 
small and can easily be taken care of by the sockets as well as by the 
struts. In the latter case it is the maximum moment of inertia of 
the strut-section that comes into play, and the fibers of material 
affected are almost idle, considering the buckling of the strut under 
axial load. Geometrically and aerodynamically the sockets can be 
treated as a well-filleted intersection of a strut of stream-line section 
with half of a stream-line body, thus offering little resistance to 
motion. 

Advantages of Single Lift-Truss 
The disadvantage of the single lift-truss as compared with the 
double lift-truss system is that it cannot well be adopted, for stag- 
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Flgr. 26— B16riot Fif. 27— Etrich- 
BracinfiT Taube Bracing 




Figs. 28 and 29 — Common Bi- 
plane Bracing 




Figs. 32 and 83 — V-Tyve Bracing 




Figs. 30 and 31 — N-Type Bracing 



Figs. 34 and 35 — Showing Single 
Lift-Truss 



Figs. 36 and 37 — Forces In 
Double Lift-Truss 




Fig. 38 — Capt Fig. 39 — Curtiss 
Martin's K- K-Type Lift - 
Type Bracing Truss Strut 




Figs. 42 and 43— X-Type Side- 
Bracing 




Figs. 40 and 41 — ^Forces in 
K-Type Bracing 




Figs. 44 and 45 — ^Forces in 
. X-Type Bracing 



Figs. 26 to 45 — Examples of and Forces in Biplane Side-Bracing 
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gered biplanes, especially for those with a pronounced stagger. The 
advantages however aie great and can be demonstrated as follows: 

1. The strength of the struts varies as the moment of inertia 
of the strut section. 

At a constant ratio of diameters of the strut section, the least 
moment of inertia varies as the fourth power of the thickness (small 
diameter) of the strut. 

Therefore, the thickness of strut varies as the fourth root of the 
load that the strut can stand. 

For the double load of a single lift-truss strut against the two 
struts of a double lift-truss, the increase of the thickness and there- 
fore of the air-resistance will be only about 

100 ( V2"— 1 )= 20 per cent, 
or the air-resistance will be reduced by about 

2— V2~ 
100 ( — ) =40 per cent. 

The weights being proportional to the squares of the thickness, 
the gain in weight of struts of a single lift-truss against a double 
lift-truss will be about 

2 — V2" 
100 ( ) = 30 per cent. 

2. The diameters of wires or cables vary as the square root of 
the load that the wire or cable can stand. 

For the double load of one single lift-truss cable against two cables 

of the double lift-truss, the increase of diameter and therefore of the 

air-resistance will be about 

100 ( V2 — 1) = 40 per cent, 

or the air-resistance will be reduced by about 

2 — V2' 
100 ( ) = 30 percent. 

There is no gain in weight however in this case. 

3. The larger-size wires and cables of a single lift-truss system 
allow a further gain in reduction of air resistance by using stream- 
line wires or cables. The latter are made of stream-line form by means 
of sharp specially-attached trailing edges, which might be imprac- 
ticable on the small cables of the double lift-truss system. 

4. In the double lift-truss system the forces acting on each truss 
depend upon the position of the center of pressure; at fast flight and 
a small angle of incidence, the rear truss carries a greater part of 
the total load — roughly speaking between two-thirds and three-fourths 
of the total (see Fig. 37). At slow flight and large angle of inci- 
dence the reverse is the case (Fig. 36). Thus considering the two 
extreme attitudes, each of the trusses is either partly idle or has an 
extra strength and therefore weight. 
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In the single lift-truss the forces acting on the truss are almost 
independent of the center of pressure, as the reaction of the load at 
the root of the cantilever is equal to the load and independent of the 
bending arm. 

Thus, the forces acting on a single lift-truss will be about 25 to 
35 per cent smaller than the forces of which the front and rear 
trusses of the double system must take care in the worst cases. 
This will result in another considerable reduction of weight and 
air resistance. 

Special Types of Side-Bracing 

Fig. 38 shows a K-type side-bracing proposed by Captain Martin 
(Scientific American, 1911). It is another interesting type of the 
single lift-truss that has all the advantages mentioned. Besides, as 
can easily be seen from the action of forces in Figs. 40 and 41, the 
extra bending moments in the I-type strut due to the cantilevers 
(sockets) are eliminated entirely. This advantage however is strongly 
jeopardized by the extra weight and resistance of the braces. 

The Curtiss single lift-truss strut (Fig. 39), which is used in 
the wireless-truss biplane and in the new triplane (as far as it can 
be understood from the published details) is built up of two steel 
tubes, one straight, the other bent in two places; both tubes being 
enclosed by a covering. The character of cover determines whether 
this strut should be considered either as of the Martin K-type, 
without the advantage of eliminating bending, or as a simple and 
cheaper type of the Dorner cantilever or I-strut type. 

Finally the X-type side-bracing (Figs. 42 and 43) offers also cer- 
tain advantages, especially as compared with the type generally used 
at present (Figs. 28 and 29) and even with the N-type (Figs. 30 and 
31), as it belongs in the double lift-truss class. 

The advantage over the N-type is that there is one strut less. The 
advantage over any other double lift-truss system is that the amount 
of load carried by each truss is practically independent of the varia- 
tion of the center of pressure, although there is a certain increase 
of the forces due to the angularity of the struts. (See action of 
forces in the two extreme cases in Figs. 44 and 45.) The trusses 
therefore do not have as much extra strength as in all the cases of 
two parallel lift-trusses. 

The gain in resistance and weight, is evidently somewhat smaller 
than in the case of the I-strut, but in return the X-type side-bracing is 
adaptable to staggered biplanes and to large big-chord wings. The 
I-strut, and in general the single-truss, would offer too many con- 
structive difficulties and risk in these cases. 

NEW POSSIBILITIES IN BIPLANE CONSTRUCTION 

Numerous interesting and entirely new possibilities in biplane 
construction can be obtained by combining the types of trusses and 
side-braces previously described. Some examples are: 
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1. Wireless truss (Fig. 16, 17 or 18) combined with N- 
bracing (Fig. 30 or 31) can be treated as (a) double lift-truss sys- 
tem or (&) single lift-truss system. In case b remarkable results can 
be obtained by placing the front and rear bars of the N-type in vertical 
planes parallel to the plane of symmetry of the airplane. 

2. Wireless truss combined with V-type bracing can also be 
treated as (a) double lift-truss system or (&) single lift-truss system. 

3. Wireless truss combined with the I-struts — an almost ideal 
structure for small fast machines. 

4. Wireless truss combined with the X-type bracing, giving a 
construction with the least number of members for big-span and big- 
chord machines. 

5. Strutless truss (Fig. 20 or 21) combined with the X-type 
bracing, and so on . . . as I do not attempt to exhaust but 
merely to indicate the possibilities. 



DISCUSSION 

Chairman Charles M. Manly: — One of the rather interesting 
things that we will soon take up is to try to arrive at some standard 
method, so that all of the various computations that are made 
may be comparable. We will not have one engineer computing 
stresses and saying that his factor of safety is ten, whereas by 
another's method of computation the factor of safety is eight or six or 
four. Professor Pawlowski's paper gives us a basis now in com- 
paring different types. 

0. E. Strahlmann: — The evolution of airplane wiiig trussing 
is a subject of growing importance to the aeronautical engineer. It 
was brought out in the paper that the Pratt form of truss was early 
taken up by practically all makers who have used it almost exclusively 
in the construction of multiplane machines. This form of trussing has 
proved fairly satisfactory in use, as an ample factor of safety can 
easily be obtained and high performance of machines has not been 
demanded. Experimenting is costly and as there was no real demand 
for airplanes in this country until recently, it is little to be wondered 
that new types of trussing were not brought out. 

Aeronautics now however is growing at a tremendous rate. Even 
at present the performances demanded are difficult to attain, and 
these demands will ever be increasing, especially as regards military 
airplanes, where the utmost is required. 

In general, speed range and rate of climb must be increased with- 
out seriously affecting the factor of safety. As these two much de- 
sired characteristics depend, among other things, upon the head re- 
sistance or drag, and upon the weight of the airplane, a form of wing 
trussing reducing both of these factors would be a step in advance. 

Airplane wings are difficult to keep in alignment, owing chiefly 
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to the stretch of the cables. The elimination of, or a reduction in, 
the number of cables with the necessary tumbuckles and soldered 
loops, by the use of some form of metal-tube truss would reduce the 
number of parts, simplify the assembly and give a structure that 
would keep its alignment. All these are of great importance, es- 
pecially in the field. 

It can hardly be expected that the same type of truss will be 
best suited for all types of airplanes from the small light pursuit 
airplane to the large and heavy bomber. The form of truss best 
suited for each type of airplane will have to be determined largely 
by experiment. Development along this line has begun in this country, 
a form of K-strut, the Farman type spoken of, and a form of Warren 
trussing having been used in recent constructions. The near future 
will undoubtedly see some of the constructions suggested by Profes- 
sor Pawlowski developed and come into general use. 
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The purpose of this paper is to present a summary of investiga- 
tions covering a period of nine years. These were made to determine 
the possibility of overcoming certain serious objections and disad- 
vantages under which the steam motor-vehicle formerly labored. 

Ten years ago steam cars were in their zenith — not that a large 
number of makers were producing them, nor yet that the majority 
of cars were steamers, but rather that a most progressive and pros- 
perous organization was producing these cars on a real quantity 
basis. The White steamer of that day was universally respected or 
beloved, accordingly as the person affected was a gas-car man or a 
steamer advocate. 

The Stanley steam -car has been manufactured since 1898 without 
cessation. The evolution of this car has been gradual and conserva- 
tive, and it has enjoyed a well-merited reputation for service at low 
cost. A fire-tube boiler and locomotive-type engine have been used 
from the first. The Stanley Company has added improvements only 
when there was a well recognized demand. It has thus accumu- 
lated those necessities of modern automobiles, such as electric lights, 
stream-line bodies and one-man top. A condenser was adapted to the 
car in 1914, and as a result about 200 miles can be covered on one fill- 
ing of the boiler. Kerosene is now burnt in the main burner (with 
gasoline for starting and for the pilot), and the mileage per gallon is 
high. The fusible plug has been abandoned in favor of a thiermostat 
for shutting off the fuel in case the supply of water runs short. 

A large number of more or less ineffective attempts have been 
made to produce a satisfactory steam-car by persons ill-informed on 
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the actual requirements and apparently lacking in the necessary 
understanding of automobile-production conditions. 

Immediately after the early-day popularity of the steam-car the 
internal-combustion engine began to be favored by engineers. With 
the introduction of the long-stroke high-speed engine in Europe the 
steam-car fell behind rapidly in the march of progress. I do not 
wish to convey the impression that motor-vehicle builders erred in 
selecting the gasoline engine. The market demanded cars and more 
cars, and the makers chose the only practical powerplant available. 
No one wanted a vehicle that emptied a horse-trough every 20 miles. 
Very few drivers were equal to the task of properly feeding the 
boiler. The idea of spending all the way from a quarter of an hour 
to an hour and a half in starting soon lost its relish. 

LOW MILEAGE A DISADVANTAGE 

One great disadvantage of the steam-car was the insufficient 
mileage that was obtained from the water that could be conveniently 
carried. Several steam-cars were equipped with an apparatus in- 
tended to condense the steam, but a continuous run of 100 miles 
without refilling was uncommon. Owing to the use of heavy cylinder- 
oil these condensers as well as the water tank required periodical 
cleaning. Steam cars not so equipped would run approximately 30 
to 35 miles on a tank-full, about 35 to 40 gals. 

Apparently no one had considered using a honeycomb radiator. 
The reasons advanced against it were that the thick oil was liable 
to clog the extremely small passages, and that the exhaust steam 
(particularly in cars with flash boilers) was liable to melt the solder. 
It was also believed that oil would injure the boiler, cause violent 
foaming and that the successful lubrication of a steam engine re- 
quired a heavy molasses-like oil. It was particularly hard to recon- 
cile these beliefs, and we determined that the best thing to do was 
to put a honeycomb radiator on a car and operate it with a fire-tube 
boiler. This we succeeded in doing late in 1913, and obtained several 
startling results. The car would run anywhere from 1000 to 1500 
miles on one tank (24 gal.) of water. The boiler operation was en- 
tirely unaffected by the oil pumped into it from the engine cylinder. 
Having shown that it was possible to travel an adequate distance on 
one supply of water, we turned to the study of the steam-generator, 
with special regard to its operation when fed with water containing 
oil, graphite, and in winter alcohol. 

The so-called flash boiler, consisting of a series of coils forming, 
in effect, one continuous tube, was naturally put of the question. Its 
entire absence of steaming stability was a source of constant aggrava- 
tion to a driver in a hilly country. However, it had the immense 
advantage that the direction of the water-flow was opposite to the 
flow of the gases of combustion, which allowed the water to take the 
last possible heat unit from the flue gases. Its all-steel construction 
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with consequent immunity from leaks due to low water was also a 
great advantage. 

The vertical fire-tube boiler was also out of the question for pro- 
duction on account of its great weight, potential danger present with 
a large diameter shell, its high cost because of the apparent neces- 
sity of winding the shell with a mile of piano wire and its liability 
to leaks both from oil working through the expanded joints where 
the tubes were fastened into the heads and from overheating with 
low water. Notwithstanding these formidable disadvantages, when in 
good condition it was the best boiler from the driver's standpoint, 
owing to its large reserve of water heated to the steam temperature, 
which admitted of great acceleration. It was also efficient because of 
the surface-heating arrangement with extremely short distance 
through which the gases radiated heat to the tubes. 

The water-tube boiler, which* has been built in almost every con- 
ceivable shape for motor-vehicle service, seemed to offer a basis on 
which the good characteristics of the flash and water-level types of 
boilers might be combined. This at first seemed a forlorn hope, as 
the apparently conflicting conditions seemed unreconcilable. 

Deposits of scale occur in every type of boiler, with a resultant 
drop in efficiency and added liability of burning the already extremely 
hot heating-surface. In the water-level types this scale would settle 
in the non-circulating portions of the boiler, such as the water-column 
and blow-off connections. 

STEAM-GENERATOR REQUIREMENTS 

In studying these apparent conflicts, we could see that all func- 
tions were closely related. That is, a water-level boiler held the 
temperature of the steam practically constant, with no possibility 
of temperatures high enough to effect a deleterious change in the 
lubricating oil. This allowed the same oil to be used over and over. 
It also allowed the use of a soldered radiator to condense the exhaust 
steam. The honeycomb radiator condenses such a large portion of 
the exhaust steam, that little make-up water is required, with the 
result that much less scale is introduced into the system. Since little 
water is lost, in winter alcohol can readily be used in large enough 
proportions to prevent freezing. The use of a mixture of alcohol and 
water results in an imperceptible drop in power because of the large 
amount of heat-carrying medium that must be circulated. 

The use of regular gasoline-engine cylinder-oil for the lubrication 
of those parts in contact with the steam, would make a steam generat- 
ing and condensing system of this kind practical. Such oil is more 
agreeable to handle and easier to procure than the heavy oil used in 
steam engines. It rapidly forms an emulsion with the water, owing to 
the violent agitation and intimate contact. It cannot form clots and 
clog up the radiator passages, and since the return from the radiator 
is introduced into the bottom of the water-tank the agitation of the 
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contents of the tank is sufficient to maintain the emulsion. This insures 
that the oil is regularly pumped into the boiler along with the water. 
The oil that thus finds its way into the boiler performs several val- 
uable functions: First, it coats thoroughly every portion of the inte- 
rior of the boiler with an exceedingly thin film of oil. While this is 
thin at ordinary temperatures, it is much thinner at 485 deg. F., 
which is the approximate temperature of the boiler at 600 lb. pressure. 
Scale will not stick to a surface coated with oil, so that the inte- 
rior of the boiler is absolutely protected from scale as well as from 
rust. Very little scale-bearing water is introduced into the system 



Fia. 1 — New Type of Steam Obneratob 

because of the efficient condenser, but in several years' operation 
enough scale would be formed to render a boiler useless, even though 
none of it adhered to the tubes. The second function of the oil in the 
water is to combat this condition, which it does with thoroughness and 
dispatch. As soon as a particle of scale is thrown out of solution it 
is thoroughly coated with oil, which renders it incapable of sticking 
to any other particle. This scale therefore remains in suspension, 
and owing to the violent ebullition and constant flow toward the steam 
outlet is carried along and out with the steam, finally reaching the 
water-tank. This action appears to be exceedingly thorough, and in 
several years' use no accumulation of scale can be detected in any 
portion of the boiler. It appears that the scale problem can be solved 
when such particles of foreign matter are kept small enough so that 
they will be readily carried over with the steam. 
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The steam generator, Fig. 1, which has been worked out to fulfill 
these inter-related conditions, is a flash-generator in theory, yet has 
the appearance of a water-tube boiler and has a water-level in the 
evaporating zone. The close and regular heating-surfaces give heat- 
transfer conditions resembling those of a fire-tube boiler, and yet the 
progressive water-flow, counter to the flow of the gases, with no circu- 
latory flow, is characteristic of the flash type. The water enters the 
bottom of an economizer-zone and flows to the top under the action 
of the pumps and gravity ; the hottest water collects at the top. From 
there the water overflows through a connecting pipe into an evap- 
orating zone, where it is converted into steam. The water-level is 
maintained about half-way up the generator by an automatic by-pass 
valve; this is so arranged that when the regulator tube is filled with 
steam the by-pass valve is closed by the expansion of the tube, forcing 
the water from the pumps to lift the check-valve. The water can 
then enter the generator. As the water-level rises, the regulator tube 
is filled with water from an exposed pipe leading from the water 
manifold. This water is not in circulation in the generator, and 
therefore remains quite cool. The regulator tube then contracts and 
opens the by-pass valve, allowing the water to return to the tank. 

The generator tubes are vertical, swaged at the ends to half their 
diameter, and welded into horizontal headers, top and bottom. Each 
section thus formed is connected to manifolds, top and bottom, for the 
exit of steam and the entrance of water. This construction is abso- 
lutely without danger of explosion and is also cheap to manufacture. 
Any damaged section can be replaced, or isolated pending replace- 
ment, in a few minutes. The casing of this generator consists of a 
^-in. asbestos board, ^ in. of mineral wool and a planished -iron 
jacket. 

STARTING STEAM CARS 

Perhaps the greatest disadvantage in operating steam-cars was 
that known as "firing-up," or getting the burner started to raise 
steam. Steam-cars almost without exception have used a Bunsen 
burner of the vaporizing type, which required pre-heating to vaporize 
the fuel. This was necessary to insure that enough mixture passed 
into the combustion space to ignite readily and to continue burning. 
After combustion was well under way the fire kept the vaporizer 
heated. When standing, a supplementary burner was lighted to main- 
tain the vaporizer heat; this ignited the main burner when the car 
was to be used again. 

About three years ago we first tried to eliminate the time and 
labor required to start combustion. It was suggested that a car- 
bureter and spark-plug be used — a blower driven by an electric motor 
to furnish the requisite air, the idea being to use these with a regular 
Bunsen burner. This was found to work fairly well with gasoline, ex- 
cept that undesirable precipitation of the fuel took place. It also 
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seemed necessary to provide means by which kerosene could be used 
for starting, without recourse to gasoline. 

We finally discovered that kerosene could be ignited by an elec- 
tric-spark with absolute certainty and reg^ilarity, if these conditions 
are observed: First, the kerosene must be separated mechanically 
so that the individual particles are sufficiently small to insure a rise 
in temperature past the point of ignition during the time in which 




Fig. 2 — Single-Expansion Uniflow Engine 

they absorb heat from the spark; second, the spark must occur near 
the atomizing nozzle at which point the fog is so dense that one group 
of kerosene particles igniting invariably ignite the rest. Third, the 
velocity must be so low that the particles can absorb sufficient heat 
from the spark to exceed the ignition temperature. Fourth, the mix- 
ture must be much richer at the point where ignition is to occur than 
is that for most efficient combustion. The combustion should occur 
in a refractory chamber so arranged that it attains an extremely 
high temperature; complete combustion of a large amount of fuel can 
then be obtained in a small space. 

Thus in a complete apparatus, we have an electric motor, direct- 
connected to a multivane blower, and a graduated kerosene pump. 
The kerosene pump draws a measured quantity of fuel from the sup- 
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ply tank and forces it through the atomizing nozzle; the resultant fog 
is ignited by a spark-plug. A measured amount of air is forced in by 
the multivane blower, which whirls the rich ignited mixture down 
through an inlet tube against the bottom of the refractory combus- 
tion chamber, where the fuel is consumed. To stop the combustion it 
is only necessary to break the blower-motor circuit. This is done 
automatically by a regulator set to operate at a pre-determined steam 
pressure. 

With the old-fashioned Bunsen burner, which has been used on all 
previous steam-cars, it is necessary first to heat the vaporizer. This 



Pig. 3 — Steam Car Showing Location op Principal Pjirts 

is done with a drip-cup or a painter's blow torch, although on modern 
steam-cars acetylene gas is used. The fuel valve is then opened slightly, 
allowing very little fuel to flow until the burner has become well 
heated, after which the fuel valve can be left open. The starting of 
the fire takes about six minutes and requires the care of the operator 
until it is going well. After the fire is started, steam is made quickly. 
On some types of boilers enough pressure can be raised to start the 
car in about a minute and a half after the fire is under way. It is 
therefore apparent that if practically the entire time formerly used 
in starting the fire can be saved it is a reasonably simple matter to 
build a powerplant that can be started in a short time, with no labor 
or attention required. 

The engine of a steam vehicle should last for many years of hard 
service. It has proved to be a relatively simple matter to provide 
ample dimensions of the working parts so that the mechanism is safe 
for continued operation under maximum conditions of load. In order 
to have efficient working it is necessary to provide for high expan- 
sion. This can be obtained with a compound engine, but not satis- 
factorily, as the ratio of cylinder volumes has to be carefully deter- 
mined in relation to the probable loads, speeds and steam-chest pres- 
sures. These conditions vary so widely that the single expansion en- 
gine. Fig. 2, is necessary. 

To provide the high expansion desirable, with a simple noiseless 
valve gear and one valve per cylinder, it is imperative to use the uni- 
flow principle. In the uniflow engine the valve takes care of the steam 
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inlet only, the exhaust passing out through ports at the end of the 
stroke when these are uncovered by the piston. It is thus possible 
to secure cut-off at 5 per cent of the stroke. Since the thermal condi- 
tions in the uniflow cylinder are practically ideal, it is unnecessary 
to use superheated steam. This means that little cylinder lubrication 
is required, and the troubles formerly caused by superheated steam 
are absent. 

The engine directly geared to the axle, with a 47 to 48 ratio, can 
produce enough torque to slip the driving wheels on dry ground. The 
slow engine speed thus possible makes elaborate lubrication systems 
superfluous. The general arrangement of the principle parts of a 
steam-car is shown in Fig. 3. 

ADVANTAGES OF A PERFECTED STEAM POWERPLANT 

1. Torque range of 100 per cent with a maximum torque avail- 
able at zero speed; change-gear mechanisms and clutch therefore un- 
necessary. Mean effective pressure (and equivalent drawbar pull) al- 
ways under control of the operator; variable by throttle from zero to 
maximum, a maximum limited only by the resistance between the 
driving wheels and road. 

2. Utmost mechanical simplicity, with not over twenty-five moving 
parts in the entire car, and only fifteen in the engine. 

3. Smooth and quiet operation, owing to low engine speed and 
to location of engine on axle. 

4. Low running cost; kerosene or crude oil used for fuel. 

5. Low manufacturing cost owing to simplicity of construction 
and lack of fussy work in production. 

6. Entire absence of lubrication troubles; no contamination of 
crankcase oil by kerosene, gasoline, water, road-dust and carbon. 

DISCUSSION 

E. G. Thomas: — Mr. Doble has contended that multicylinder en- 
gines are unnecessary because if steam is used a two-cylinder engine 
is sufiicient. I have ridden in his car at speeds varying from 1 to 60 
m.p.h. It was a most pleasing sensation. There was absolutely no 
noise. The car attained any speed desired at any time. 

Mr. Utich: — ^What does the seven-passenger car weigh? 

Abner Doble: — A seven-passenger car of 128-in. wheelbase, 56-in. 
tread front, 57-in. tread rear, equipped with a rather heavy body and 
33 by 5-in. wheels weighs 3100 lb., with tank filled ready for the road. 

Chairman Arthur J. Scaifb: — What is the greatest horsepower 
obtainable with this type of powerplant? 

Abner Doble: — The highest normal horsepower that we have 
used so far is 25, but a 25-hp. steam powerplant at the standard 
pressure of 600 lb. per sq. in., will exert about 132 hp. for about eight 
minutes. 
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S. L. Blackburn : — What is the maximum pressure that the boiler 
will stand? 

Abner Doble: — The boiler is designed for a working pressure of 
600 lb. The safety valve is set for 1000 lb. The boilers are all tested 
to 5000 lb. They will rupture at about 8500 to 9000 lb. At this pres- 
sure the tubing ruptures at a place remote from the welds. My own 
car has been in service since December, 1913. The safety valve has 
never blown. This means that the maximum pressure has never 
reached 1000 lb. 

THERMAL EFFICIENCY 

Walter C. Baker: — Why is an efficiency twice that of a gasoline 
car claimed? 

Abner Doble: — Everything depends upon what you mean by 
"efficiency." We know that 18 per cent thermal efficiency is obtainable 
from a gasoline engine running at full load. We also know that cars 
do not run at full rated load much more than 1 per cent of the time. 
When running at 20 or 25 m.p.h. about 5 hp. is required to drive the 
car. Under such light load the ordinary engine will have a thermal 
efficiency of from 4.5 to 5.0 per cent. The highest thermal efficiency 
we know of to-day with the steam powerplant is about 21.8 per cent 
at its full rated load. This is obtained by using a combustion system 
in which the air is preheated, at the risk of burning out the grate 
bars. The Doble steam generator has no grate bars, but uses a re- 
fractory material that we developed. It will stand about 3400 deg. F. 
before it fuses. The temperature attained in our fire box is about 
2600 deg. F. The air is preheated to 200 deg. before it enters the 
carbureter, by utilizing about one-third the heat that would other- 
wise go out of the stack. The boiler efficiency without the economizer 
is about 82 per cent. This is equivalent to standard practice in boil- 
ers. With our boiler we can increase the efficiency about 4 per cent 
by the economizer and by using a regenerator, which can be placed on 
the end of the stack, we can raise the boiler efficiency to about 92 per 
cent. The best net thermal efficiency that we have been able to secure 
from our powerplant is about 16 per cent under full load. With the 
5-hp. load imposed when a car is driven at 25 m.p.h., we realize 14 
per cent net thermal efficiency. My car, which was built three years 
ago and is crude in some ways, has been driven almost 40,000 miles. 
It will run 15 miles to the gallon of kerosene under favorable con- 
ditions and will average about 11.5 miles per gallon although I drive 
through traffic and mud a part of the time. The old type of steam 
car never ran more than 7 miles per gallon. 

H. H. Newsom: — What piston speed is used in the engine? 

Abner Doble : — We have found that the most efficient piston speed 
is 375 ft. per min., which corresponds to a car speed of about 37 m.p.h. 
I have driven my car at 80 m.p.h. The corresponding piston speed is 
800 ft. per min., not counting the slip, which would be about 12 per 
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cent at that point, making a maximum piston speed of about 900 ft. per 
min. I have never run an engine at any higher speed than that in a 
car. 

H. H. Newsom: — What is the temperature of the steam? 

Abner Doble: — The theoretical temperature of saturated steam 
corresponding to a pressure of 600 lb. is 490 deg. F., but we find some- 
times that on ordinary loads, there will be 100 deg. superheat in 
excess of that. Under full loads it will be down to 490 deg. F. owing to 
the fact that we will then probably have 3 to 5 per cent of moisture 
in the steam. 

TYPE OF combustion SYSTEM 

Mr. Waite: — What sort of a combustion system is used? 

Abner Doble: — An efficient blower furnishes the requisite amount 
of air, and mixes with it enough kerosene to make a very rich vapor. 
The kerosene is atomized and the vapor ignited by an electric spark 
before the air required for complete combustion is added. The spark- 
plug is connected in parallel with the blower-motor circuit. The 
ignited mixture flows through the inlet tube and into the combustion 
chamber, where it burns completely before the hot products of com- 
bustion pass through the boiler. 

Mr. Schwartzenberg: — What about the fire hazard? 

Abner Doble: — It is negligible with kerosene as fuel. 

Walter C. Baker: — Is the exhaust clean when using kerosene? 

Abner Doble: — Yes. All carbon is consumed at 1800 deg. F. The 
combustion-chamber temperature under normal working conditions is 
about 2450 deg. The feed is set so that the fuel is entirely consumed. 
The exhaust will smoke sometimes in starting until a temperature of 
1800 deg. F. is reached in the combustion chamber. 

Mr. Schwartzenberg: — Is the heat objectionable when driving in 
summer weather? 

Abner Doble: — The generator is insulated with a special mate- 
rial that does not reach a temperature of much over 150 deg. F. We 
use a dashboard that comes down to the frame, and then the frame 
is covered with a floor. A space of 2 in. is allowed between that floor 
and the floor-boards proper. We use a 1-in. cocoa mat on top of the 
floor-boards. The result is a much cooler car than one of the regular 
gasoline type. 

Chairman Arthur J. Scaife: — How flexible is the powerplant? 
If the throttle is opened or closed suddenly what is the variation in 
pressure? 

Abner Doble: — If the throttle valve is suddenly opened wide with 
the car at a standstill, the pressure will drop from 600 to 450 lb. by 
the time the car reaches a speed of 60 m.p.h. 

Walter C. Baker: — How many seconds does it take to accelerate 
to 30 m.p.h.? 

Abner Doble: — Five and one-half seconds from a standstill to 30 
m.p.h. 
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E. L. Clark: — Fig. 3 shows the engine built right onto the back 
axle. What is the unsprung weight? 

Abner Doble: — The unsprung weight added to the axle on the 
older car was 100 lb. The new engine will add about 10 lb. more, but 
we have saved about 15 lb. in the differential, as we use no differential 
cage. The piston, piston-rod and cross-head weigh about 8 lb. on 
each side of the engine. The latter runs at 600 r.p.m. when the car 
is traveling 60 m.p.h. 

Over 200 steam-driven omnibuses have been running for a long 
time in England. Last year they changed the fuel from kerosene to 
coke. The latter is fed by automatic stokers driven from the engine. 
The grate rocks so many times a mile, and all the driver has to do 
is shovel in a little more coke every 10 miles or so. Coke sufficient for 
about 50 miles is carried. They also use coke-burning steam lorries. 

A. M. Dean: — ^What is the temperature of the engine when 
running at 25 or 30 m.p.h.? 

Abner Doble: — The steam temperature at the intake when 
running at 25 m.p.h. is just about 390 deg. F. The temperature at the 
exhaust, in every case, is 212 deg. F., or within 2 or 3 deg. of that, 
because at the exhaust the steam contains about 15 per cent water. 

S. L. Blackbihin: — ^What is the piston displacement of the engine? 

Abner Doble: — It is 314 cu. in. per revolution. 

Mr. Dunkin: — What is the bore and stroke of the engine? 

Abner Doble: — It has a 5-in. bore and 4-in. stroke. 

reversing engine 

E. L. Clark: — How is the engine reversed? 

Abner Doble: — The "Joy" valve gear used was invented a long 
time ago by David Joy in England. It is the same gear that the 
White company used on its engines. The engine is reversed simply 
by changing the timing of the valve; that is accomplished by tipping 
the rock shaft to an inclination opposite to that used in running for- 
ward. 

H. H. Newsom: — Does the Joy valve gear have a link motion? 

Abner Doble: — No, it does not. It is called a radial valve-gear, 
and is driven from the connecting-rod, as shown in Fig. 2. The end 
of the anchor link is nearly horizontal. The valve link is attached 
to what we call the "correcting" link, because without it the valve 
would not have a correct motion. 

H. H. Newsom: — Is the control manually operated? 

Abner Doble: — The control is by a pedal. 

H. H. Newsom: — Is it advanced as the speed increases? 

Abner Doble: — No; to start the car the pedal is moved to the 
first notch. That gives cut-off at three-quarter stroke. At higher 
speed, fuel can be saved by moving the pedal to the next notch. 

W. D. Appel: — What is the maximum cut-off when the valve gear 
is in the extreme position? 
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Abner Doble: — The maximum cut-off is 2% in. on a 4-in. stroke. 
There are two other positions; the first for ordinary running and for 
extreme acceleration is at one-quarter stroke, and the second for 
economical running, or for extremely high speed after acceleration 
is at one-eighth strok^. 

W. D. Appel: — ^With the cut-off set at one-eighth stroke, would it 
be possible for the engine to stop on dead center so that it could not 
be readily started? 

Abner Doble: — Unless the cut-off is later than mid-stroke this 
can occur. In order to start under this condition it is necessary to 
use the reverse pedal first. 



PRODUCTION COSTS 

Mr. Schwartzenberg: — With a properly equipped plant, turning 
out three hundred cars a day, and with metal at normal prices, what 
would be the cost of manufacture as compared to a $2,000 gas car? 

Abner Doble: — A car to give the same power performance as a 
Cadillac, for example, and with the same finish and quality of work- 
manship, will cost $198 less per car. In general the saving will 
amount to 8 or 10 per cent of the list price of the car. 

S. L. Blackburn: — Can the car be built in any class? Say for 
example in the $700 class? 

Abner Doble: — ^Yes. But the performance will be better and less 
care is necessary in finishing and fitting pistons and cylinders. 

C. E. Wilson: — Are the braking possibilities the same as in 
gasoline cars. 

Abner Doble: — Yes; by using the reverse pedal it is possible to 
stop almost instantly. Beside this two sets of brakes are provided as 
required by law. The center of gravity of the car is low and nearer 
the rear than in gasoline cars, hence the car holds the road better and 
the wheels do not slide so much as they would otherwise. 

Chairman Arthur J. Scaife: — How is the engine lubricated? 

Abner Doble : — By the time the steam enters the cylinders, it con- 
tains about 3 per cent moisture, which increases to about 8 per 
cent as the expansion takes place. This moisture does the lubricat- 
ing. Little internal lubrication is required, for the piston speed is 
low at ordinary driving speeds. The cylinder surface is cast iron, 
which is easy to lubricate. We use oil to prevent corrosion and to 
help lubrication. The last gallon of oil I used in my car was sufBcient 
for 12,200 miles' operation. The oil used is primarily to clean the 
scale from the boiler. 

George W. Smith, Jr.:— What is the weight of the powerplant? 

Abner Doble:— The new engine will weigh about 240 lb. The old 
engine weighed 220 lb. The generator will weigh about 520 lb.; the 
water tank about 250 lb. The radiator will weigh 15 lb. more than 
a gasoline-car radiator. The engine will develop 70 hp. continuously. 
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THE GAP BETWEEN COMMERCIAL MEN 
AND ENGINEERS 

By Chas. W. Mears 
(Non-Member) 

Everybody who has had relations with engineers as well as with 
commercial men knows that important differences in mind and con- 
duct characterize these two classes. They appear to differ in what 
they think and in their method of thinking. They seem to differ in 
their attitudes toward men at large, and toward things. It is safe 
to say that engineers and commercial men are not instantly inter- 
changeable; they are not like two castings from a single pattern. 
Neither does one class yearn to be like the other. 

These differences are usually accepted as a matter of course, as 
a condition that exists whether we will or not, and, therefore, as a 
condition that nobody need bother much about. But even a little light 
on the subject would be better than total darkness, and it will not 
injure us to inquire why these differences exist. And since human 
nature, after all, is the most engrossing of subjects, perhaps we can 
find pleasure along with profit in diagnosing the case. 

A reasonably safe assertion, to serve as a starting point, is that 
men trained in science as a rule think more logically than do men 
more directly occupied in commercial pursuits. This follows, un- 
doubtedly, from the fact that science accepts nothing as trustworthy 
until it has been logically proved. The engineer acquires habits of 
mind and of action that harmonize with the instruction he has re- 
ceived. Since his own mind pursues logical, rational paths, the 
earnest engineer expects things to be done with logical consistency, 
and he also expects people to act reasonably. This, I believe, ex- 
plains why so few scientific men are enthusiastic toward society or 
commerce. They discover to their disappointment that most people 
have no very profound conception of that logical method of thinking 
and acting which is the alphabet and foundation of science; and 
rather than suffer the annoyance and confusion of association with 
illogical thinkers, scientific men innumerable have practically shut 
themselves off from the world at large, mixing, if at all, in the most 
limited way socially, and in a restricted way commercially. 

The engineer of an automobile plant displays no consuming desire 
to meet and mix with the public that buys the car he designs; it is 
hardship enough that he must meet and cooperate with commercial 
managers and boards of directors that seem to prosper despite their 
noncomformity to his logical standards. When a scientific man does 
show a fondness for the public, when he takes pleasure in reducing 
his knowledge to a "popular" level or delights in making speeches to 
the "hoi poUoi," the suspicion readily gains ground that this ready 
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mixer is only superficially scientific and, in reality and at bottom, 
is something of a mountebank. 

To the scientist the thing that counts and the only thing that 
counts is the work the man can do; and if his work is good, the 
scientific man needs no other badge of honor, whereas if his work is 
not good, he is cast into outer darkness by his fellows, and no alibi 
is trumped up on his behalf. 

When a young man goes to college and takes a classical course, 
nobody is surprised if he continues through life without finding a sure 
connecting link between the things the college taught him and the 
things that business requires him to perform. But when a young 
man takes a scientific course, he is not permitted to forget that he 
is then and there fitting himself for his life work. And what he 
studies becomes veritably a part of his personal being. Not that he 
becomes a creature of brass or steel, but that the principles he learns 
become a vital part of his action. And the more gladly does he become 
steeped in principles when he learns that principles alone endure. 
And he learns, too, if he have his wits about him, that the prin- 
ciples that are enduring are the principles governing THINGS, 
inanimate things. Upon this point I shall later dwell at length. 

The soundness of science is based on the fact that it deals with 
things. Sociology does not yet rank with mechanics as a science, 
because sociology deals with human beings, and human beings have 
a disturbing faculty of slipping away from principles, of refusing to 
"stay put." 

THINGS AND HUMAN BEINGS 

Commerce deals, apparently, with things, but actually it deals 
with things only incidentally. Commerce exists for the purpose of 
making money. Now we cannot get money from things: we can get 
money only from people, in exchange for things. That is why com- 
merce quickly shifts from one thing to another without compunction, 
from bicycles to automobiles, from pianos to phonographs, whenever 
greater profit is in sight. But one change commerce never makes, 
never has made, and never will make ; commerce will never cease doing 
business with human beings. While the enduring elements in science 
are things, the enduring element in commerce is human beings. Com- 
merce handles only such things as are desired by humanity. The real 
training for commerce is, therefore, a training in the essential phases 
of human thought and conduct, whereas the training for mechanical 
science is a training in the nature and conduct of some particular 
things. 

Here, then, if I am not mistaken, is the gap, the gulf, between 
applied science on the one hand and commerce on the other; it is 
the difference between things and people. And it explains why scien- 
tific men have so little patience with human frailties, and why com- 
mefi^fal men are so seldom scientific, why they so frequently perform 
actions not to be classed as logical or consistent. 
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Astronomy is the most accurate of all sciences, and the reason for 
this undoubtedly is that its subject-matter is so far removed from 
actual human contact that its elements obey natural laws totally free 
from the interference or influence of the human astronomer. 

Chemical laws seem sometimes to fail: an experiment may not 
turn out as it should have. But when the experiment is renewed and 
the operator exercises an increased degree of watchfulness, and he 
at last succeeds, then he knows that the law was right. It was the 
wrong proportions of the ingredients that caused the initial failure: 
the error was his own. This possibility of failure exists wherever 
man is able to influence subject-matter. 

We have reason to believe that nature conforms regularly and 
thoroughly to certain laws. Where science is master, that fact is 
pretty well proved. If all men were perfectly natural, they too, would 
obey natural laws invariably and implicitly. But, unfortunately or 
otherwise, man is given a brain, and into that brain enter all sorts 
of impressions, setting up notions of greater or less strength; these 
notions in turn influence man's conduct. Not only does man become 
unnatural and unreliable because of what he thinks for himself, but 
also he departs from nature on many occasions because of what is 
told him by somebody else who may be a less accurate thinker. 

The only absolutely logical thing in the world is matter, and mat- 
ter is logical because it has no choice in itself. Given the power 
of choosing, matter would become as freakish and temperamental as 
human beings : water at one time would have an affinity for oil and at 
other times a repugnance toward it, and we might possibly have 
demonstrations of automobiles running around without the help of 
fuel. 

And yet, though man varies the expressions of nature in con- 
sequence of his own thought, old Mother Nature never leaves him 
totally free to his vain imag^inings. If she were to do so, he might 
imagine that he could live without food, and if enough men were to 
get that notion, the race would shortly become extinct. In many 
things nature does not seem to care whether man acts logically or 
illogically: probably logic is one of those playthings that she permits 
him to have for his amusement. 

But she does insist that he perform certain functions, such as 
breathing, eating, exercising, and sleeping, and no man omits these 
functions except at the cost of his life. Therefore, it is not by tak- 
ing thought that a man can stay awake endlessly, or cease perma- 
nently to breathe. He has little or no choice. Let his brain determine 
ever so positively to keep him awake, and finally the watchful brain 
itself becomes exhausted, and nature's flesh triumphs over this 
wonderful master of destiny known as brain power. 

We seem now to be getting away from commerce and mechanics, 
but we shall presently get back. I have said that mechanical men 
are more logical than commercial men. I mean to show that the 
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wisest commercial men are wise in that they understand more about 
human nature than about things, and hence we need to pursue human 
nature a little farther. 

WHY COMMERCIAL MEN ARE WISE 

The child plays ball for fun: at least he thinks he plays for fun, 
if he thinks anytliing at all about it. But nature impels him to play 
in order to do hard work for her in building muscles and breathing 
apparatus. Man eats to appease his hunger and satisfy his appetite, 
but hunger and appetite are only nature's lures in order to get food 
into man's stomach, to supply the body with fuel. Man sleeps because 
he is tired, and, while his brain is out of commission and unable to 
interfere with her processes, nature slips in and repairs the day's 
waste. Thus nature impels man to do her bidding, and not once does 
she appeal direct to his rational mind. So far as she is concerned, 
he could get along fairly well without any mind worth mentioning. 
She operates exclusively through his feelings, which are not logical 
in the mental sense, if they are logical in any sense whatever. And 
so we come to the conclusion, that man, as a human being, is a bundle 
of contradictions, a creature who thinks one thing and does another; 
a being, therefore, who is hard to decipher. 

And yet, men who deal with other men must decipher them at 
any cost, for success in dealing with human beings depends largely 
upon that deciphering ability. Not only must man be deciphered, 
but one's commercial plans must be made to dovetail into human 
frailties. We cannot change humanity, and we cannot do business 
with human beings unless our commercial plans fit human needs and 
human notions. Therefore, the thing that must undergo change to 
suit conditions is the business method. 

To make business conform to human fads, for instance, might be 
interpreted by strict intellects as decidedly illogical. We might be 
making a product that, according to the soundest reasoning, people 
ought to have and ought to want. But if people do not want it, if 
they refuse to exchange money for it, we must throw these logical 
conclusions out of the window, or, instead of that, pass through the 
bankruptcy court. 

EXPEDIENCY STRONG ELEMENT 

We come now to an element of commerce that is powerful, even 
though at times it may be illogical. I refer to expediency. Ex- 
pediency pertains to utility or advantage rather than to principles. 
In business there are things that are logical, reasonable, rational, 
lawful to do, but that still cannot be done profitably; and let us not 
forget that business exists for the purpose of making profit. At the 
present stage of the automobile industry, it would be the greatest of 
hardihood to market a car having a two-cylinder gasoline engine. It 
would be legal to make a two-cylinder gasoline car, and it might be 
logical and reasonable to do so. But expediency says, "Don't do it," 
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because the whimsical human beings who buy automobiles cannot be 
induced at this hour to look at less than four cylinders. 

Commerce must meet the needs and wants and whims and fads 
of human beings. Also human beings are illogical. It is imperative 
therefore that commerce adapt itself to illogical situations. When 
it does so, and cannot defend itself logically, the action is explained 
as one of expediency. And expediency generally has the right of way 
in business conduct. 

I recall the time when the last big producer abandoned steam 
and embraced gasoline as a motive power. Without knowing a 
single inside fact in the case, I have no doubt whatever that the 
change was altogether one of expediency. The big moving factor 
in the decision against steam was not its disadvantages. As the 
manufacturer in question looked about him, he saw that the big pub- 
lic demand was for gasoline cars ; he decided that it was easier to keep 
a great factory busy producing gasoline cars than to keep up prac- 
tically a single-handed fight for the steam vehicle. That step was 
not, I take it, a confession of the utter impossibility of overcoming 
steam-car disadvantages. Rather it was a recognition of the easiest 
way to commercial profit. I can imagine that the engineering staff 
would have voted to continue, and not to throw away the specialized 
experience of years. To stick to the steam-driven car and to bring 
it nearer perfection would have been the logical, the consistent thing 
to do. 

It was commercial expediency that eliminated the steam car from 
competitive markets, and steam, so far as the public knows, has been 
dormant ever since. Whether, in the industry's mad hunt for novel- 
ties, commercial expediency will again embrace the steam car re- 
mains to be seen. The logical thing for plants equipped to make 
gasoline cars — providing the sale of the product is successful — is to 
continue to make gasoline cars. So, to say the least, we shall now 
witness a contest between logic and expediency. I think I can predict 
which will win. 

In general, we are forced to confess that it is extremely difficult to 
get men to do the logical thing in the same sense that we can get 
chemical compositions to do the logical thing. Such laws of mind as 
have been promulgated are not offered as absolute. Heredity, en- 
vironment, habits of thought and conduct, a thousand incidental in- 
fluences affect man and he is not at all unlikely at any time to do the 
unexpected and the surprising. Psychologists and sociologists are not 
hopeless that mind and conduct can be reduced to dependable prin- 
ciples, but they admit that much of man's psychical and social being 
remains unexplored, and that man is not yet "pigeon-holed" as to 
every one of his tendencies. On the other hand, pioneer thinkers 
like Loeb and our own Dr. Crile declare that if we could know all 
of any man's ancestry down through the ages, we could unfailingly 
predict what he would think and what he would do in any given set 
of circumstances. 
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SCIENCE NEEDED IN BUSINESS 

Psychology and sociology are certain to be the commercial text- 
books of the future. The man in commerce who wants to win will be 
driven more and more to study the nature of the beings whose patron- 
age and dollars he seeks. But thus far the world of commerce has 
studied man not scientifically, but superficially. And that is one rea- 
son why so few commercial men are able to predict new trends of 
trade. 

Business men have not been scientific even as to economic matters. 
Would certain automobile manufacturers have slashed their prices, as 
they did two years ago, could they have foreseen the effects of the 
war, the country flooded with money, and a demand for automobiles 
so great that it simply could not be fully met? But the truth is that, 
acting on "hunches," certain big makers anticipated a battle to the 
finish among themselves, from which only the fittest could survive. 
Those who slashed prices, slashed in vain and at great loss, while the 
makers who did not cut prices had all the orders they could supply. 
The only net result was that the price cutters lost millions of dollars 
that they could have put to their credit in the banks. 

I go over this ground to show that on the eng^ineer's side of the 
fence is a dependable science, and that on the other side is a vast 
amount of guess-work. Yet the engineers and their commercial asso- 
ciates must do business together; they must cooperate, else neither 
will succeed. Makers must have properly designed cars, and de- 
signers must have an outlet through manufacturers. Therefore, since 
neither can get along alone, both must accept conditions as they are 
and make the best of them. 

It will not do for makers to complain that engineers have no com- 
mercial sense, no business ''punch," as I have heard them say more 
than once. Nor will it do for engineers to complain that men in the 
commercial end of business are illogical. Business men will continue 
to act on "hunches" and to be illogical, in the scientific sense, until 
psychology and sociology are more fully scientific, so that they can 
follow and make use of the discoveries of psychologists and 
sociologists. 

But engineers have no excuse if they act illogically in their work, 
for their trail has been fairly blazed. They deal with factors that 
are fairly fixed. I do not mean that their work is or should be as 
routine as a railroad timetable. But I do mean that the business man 
is forced constantly to experiment, almost blindly, whereas a great 
deal of experimental work is saved to the engineer by the recorded 
experiences of men who have gone before and discovered facts, prin- 
ciples and formulas for their benefit. 

I started this paper by saying that notable differences seem to 
exist between commercial men and engineers. Some of these differ- 
ences I have suggested, together with what seem to be the reasons 
for them. 
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author's CONCLUSION 

I believe that engineers, man for man, are relatively nearer 
100 per cent right than are commercial men. One reason for this is 
that the engineer has science working for him. Another is that men 
do not become engineers by accident, but through training. 

A contrary condition exists in commerce. Any clean-looking 
young man — ^without training — can get a chance at the selling end of 
the business, and if he happens to have the knack, he is consulted as 
to what the public will most eagerly buy next year, and his "hunches" 
are given consideration by his employer. The employers themselves 
usually know directly very little about the fads and fancies of con- 
sumers, and they are forced to rely upon somebody's "say-so." Since 
the successful salesman meets the public and hears the public talk, 
he is supposed to be able to translate this talk into the expression of a 
policy for his house. I offer this as a fact, not as a criticism. Some- 
body mitst translate the ideas of the public for the benefit of the 
house, and to-day the salesman happens to be that somebody. 

Where science is absent, men will always guess : they have no other 
way out. Sometimes they will guess right, and sometimes they will 
guess wrong. Nor will it help much for engineers to pat themselves 
on the back and thank heaven that they are not as other men. Rather 
engineers should be thankful that they are not compelled to grope 
through the dark as these other men are. The engineers should be 
sympathetic, meet others half-way, lending a cheerfur helping hand, 
and remembering that responsibility goes with scientific knowledge. 
That means that, since engineers have the lamp of science to guide 
them, they have less excuse for failures than have commercial men 
who must of necessity stumble, and grope, and work more or less 
blindly. 

The time may never come when commercial men can stand on a 
level with engineers scientifically, since their subject matter is 
men, which subject-matter, possessing brains, is more elusive than 
is matter, lacking brains. But since competition tends constantly to 
force commercial men to a better understanding of their subject- 
matter, it goes without saying that the vast gap that now separates 
the scientist and the commercial man will henceforth not widen, but 
will steadily narrow down, if only by small gains and slowly. This 
gradual change will assuredly bring about a better understanding 
between engineers and their commercial associates. For the latter 
will then begin to speak the engineer's kind of language, without 
which harmony, cooperation and fullest mutual success are impossible 
— I mean the language of scientific knowledge. 
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DETROIT SECTION PAPERS 

PROGRESS OF THE YEAR AS OBSERVED AT 

AUTOMOBILE SHOWS 

By J. Edward Schipper 

(Member of the Society) 

A review of the great national automobile shows from an engineer- 
ing standpoint means an inspection of the entire progress of the year. 
To attempt to do this in a short paper is similar to delivering a lec- 
ture on the world by the aid of a small globe. We must be content 
therefore with a view of the industry through the wrong end of the 
telescope, merely turning the glass around to observe some of the 
prominent heights and valleys. It is upon these that discussion will 
naturally be focused and it is upon these that we are most anxious 
to shed the light of crystallized opinion. 

No one thought stands out more clearly to a student of the shows 
than that this has been a great year for detail. Few if any basic 
movements can be seen and few if any great innovations. Nevertheless 
it would be wrong to say that there are no well-defined trends, but 
even these with a few exceptions are shown by changes in detail rathei 
than in radical departures. 

PERFORMANCE, COMFORT AND APPEARANCE 

To appreciate what each of the changes to be noted is intended to 
do, three ideals toward which we are working in automobile design 
may be reviewed: 

Better performance is the first. This means a greater speed range 
on high gear, better acceleration, better economy, longer life, silence, 
easy starting and other factors to make the car a vehicle that can be 
started, operated and cared for with the least trouble and expense 
and with the greatest amount of satisfaction to the user. 

More comfort is the second. In this phase of development is in- 
cluded everything that makes the car a better vehicle to ride in. Better 
spring suspension, upholstery, body proportions, ease of entrance, con- 
venience in use in all kinds of weather and over all kinds of roads, 
convenience in night driving, in making minor adjustments and re- 
pairs, such as tire changing, brake adjusting, battery filling and even 
gasoline and oil replenishment. 

Finer appearance is the third. What this includes is self-evident — 
body outline or profile, the finish and trim of the exterior and the de- 
sign and adornment of the interior from the appearance point of view. 

Under the heads of performance, comfort and appearance our ob- 
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servations will fall ; each detail considered will, in the belief of the en- 
gineer who adopted it, be a small or large step toward the better- 
ment of one of the three. If the change has not improved one of these 
three things it has not been a grain from the user's standpoint although 
there is another consideration, and that is better manufacturing pos- 
sibilities. The latter, while of enormous importance, will be neglected 
in order to limit the scope of this paper. 

A glance at the requirements for better performance shows that 
insofar as the engine is concerned, many of the desired ends are closely 
bound up with higher mean effective pressures. This is reflected in the 
higher speed range, better acceleration and indirectly in other direc- 
tions. The matter of higher mean effective pressure is naturally con- 
cerned with higher volumetric efficiencies. This brings us directly to 
the first of the observations on the cars as they are shown at the 
national exhibits. 

The sixteen-valve four, the better designed port, larger valves, 
larger intake passages and indirectly even the more efficient hot-air 
stoves on the exhaust pipes are in evidence. There is hardly a car 
at the show that does not exhibit changes in the arrangement of its 
gas passages and an increased temperature of the mixture. 

SIXTEEN-VALVE FOUR A FEATURE 

This is the first year that stock sixteen-valve four-cylinder en- 
gine has been exhibited at the national shows. There are three, two 
of which are developments by companies that have been in the in- 
dustry almost since its inception. The great importance of volumetric 
efficiency is recognized everywhere. The nearer that the intake stroke 
can come to filling the cylinder completely full, the nearer the maxi- 
mum is the horsepower to be secured from a given displacement, all 
other points in design being equal. 

The manufacturers who have put the sixteen-valve engine into 
actual production report a quick public demand. The advantages put 
forward are primarily bound up in the question of volumetric efficiency, 
but beyond that other claims are made, such as smaller valves for the 
same area, increased period of maximum opening, cleaner scavenging 
due to the elimination of pockets and reduction of carbon deposit. 
The fundamental conception that is responsible for the sixteen-valve 
four, and the considerations that follow as a natural consequence' of 
it, form probably the most important point in the entire show. 

It is not only by the addition of valves that higher volumetric effi- 
ciencies are sought. Several manufacturers at the shows stated that 
their engines give from 12 to 20 per cent more power than they did a 
year ago without any great change in piston displacement. Smoother 
ports, altered cam design, increased intake-valve size, shorter mani- 
folds, elimination of bends in the gas passages, are universal. This 
year several cars were exhibited in which the intake valves were larger 
than the exhaust. This is a reversal of what was thought to be the 
best practice a few years ago. 
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USE OF OVERHEAD VALVES INCREASING 

Another line by which higher intake eflSciencies have been sought 
is in the increased use of overhead valves. The overhead action in 
which the valves open directly into the center of the combustion cham- 
ber from above is on the increase. The old objection of noise seems 
to have been greatly done away with by the use of covers, by inclosing 
the wearing points and by the reduction in clearance due to a re-design 
of the valve-actuating parts. Claims of high ratios of horsepower to 
weight are being made by nearly all the companies having engines 
worked out along these lines. One newcomer in the small car field 
who exhibited both at New York and Chicago showed a 3% by 5%-in. 
four-cylinder engine which developed slightly over 42 b.hp. at 2400 
r.p.m. according to tests carried out in a prominent commercial labora- 
tory in Detroit. If 

PLANE 

B. Hp, = 

33,000 
the mean effective pressure is 106 lb. per sq. in., assuming E, the 
mechanical eflSciency, is 75 per cent. The brake mean effective pres- 
sure is 80 lb. per sq. in. The car-weight was said to be 1900 lb., so 
that there would be a horsepower for every 45.3 lb. of car-weight, and 
a horsepower for every 4.13 cu. in. of piston displacement. 

This is cited as a typical example. It illustrates what is seen on 
every hand at the shows this year: a reduction in car weight and an 
increase in available horsepower at wide-open throttle. The torque at 
the lower speeds however has not always been given the same attention 
although it can be taken as a general fact that torque curves are flat- 
tening out. This again comes back to higher mean effective pressures 
and is largely due to the better filling. The most important result 
of the high power to weight ratio is of course in accelerative ability. 
The public is demanding quick get-away and naturally this means 
high power. It also means that normal traveling has to be done at 
small throttle opening with a consequent low thermal efficiency. 

DETAIL ENGINE CHANGES 

Detachable cylinder heads are increasingly prevalent in cars hav- 
ing small-bore powerplants in either four or six cylinders. The diflS- 
culties of keeping the gasket tight have led to a re-design of some 
of the engines vdth detachable heads that were shown a year ago. In 
one design where a new head has been fitted, the change was made 
because it was noted that when tension was placed on the studs hold- 
ing the head in place there was a tendency to draw the valve seat 
out of round. The amount of metal around the studs has been in- 
creased and the stud itself carried farther away from the valve. The 
number of studs in other designs has been increased in order to give 
an even distribution of pressure all over the surface of the gasket. 

The educated car buyer does not like vibration and knows enough 
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to ask what is being done to eliminate it. At the Chicago Show a 
small gasoline engine was used with a gasoline-electric car and was 
designed to run continuously at close to 3000 r.p.m. The counter- 
weights on the shaft of this engine are carried as close to the plane of 
rotation of the crank-center as is possible, still leaving a passage for 
the connecting-rod. A number of improved shafts for sixes also were 
to be noted, three or four having the curved cheek. 

INFLUENCE OF THE FUEL QUESTION 

The fuel question is exerting an important influence. Some signs 
of the use of lower-grade fuels are noticeable on every car in the show. 
Hot-air stoves are more elaborate than ever before and in spite of the 
struggle for higher volumetric efficiencies, the use of the heated intake- 
manifold is growing rapidly. 

The temperature of the intake manifold in winter is often below 
the dew point of the present grades of fuel when the vacuum in the 
intake is within certain limits and at the mixture proportions in general 
use, so that the manifold temperature is of tremendous importance. 
On all the cars shown there is evidence of the practical realization of 
the problem and it is hard to tell where the carbureter makers have 
ended and the car makers begun. It has been realized that with the 
present grade of fuel the manifold must complete the work of the 
carbureter or at least not detract from it. It is hard to say, looking 
at the show chassis representing the thought that has been put upon 
this point, whether the carbureter has been reduced to a simple mix- 
ing contrivance with the work largely carried on by heat in the 
manifold. 

If the heated manifold is to do the work, it seems impossible to have 
the same design for use in the hot summers of the South and in the cold 
winters in the North; particularly as in many instances the fuel is 
more volatile in the warmer climates. Prospective car buyers who 
keenly follow developments in the automobile engineering field have 
already started to ask that question. 

Several makers exhibited engines with thermostatic or other con- 
trol of the water temperature. Some used the shutter controlled by 
hand, and at least one inquirer was heard to ask if the shutter were 
thermostatically controlled, a development at present under considera- 
tion. It has always seemed incongruous to see a $3,000 car with a 
piece of newspaper across the front of the radiator. The temperature 
question seems to embody some of the most important considerations 
that are before the automobile engineer of to-day. The question is 
being wrestled with by engine builder and carbureter maker alike and 
the necessity of cooperation can not be too well realized. 

ENGINES GENERALLY NOT OF LIGHTER WEIGHT 

Generally speaking the weights of engines are not less than they 
were at the shows in the beginning of 1916, although the engines are 
developing more power per weight unit. Reciprocating weights are 
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still less but it is doubted if the aluminum alloy piston has taken any 
firmer hold. Engine manufacturers generally have learned how to 
make iron pistons of less weight. Just as the multicy Under engine has 
forced better performance from the four, so the aluminum piston has 
forced better iron pistons. Some of the latter are now made of such 
light weight that the direct saving in weight by using an aluminum 
piston with its heavier section is quite small and negligible except at 
high speeds. It is noticeable that the aluminum piston is in far greater 
favor among the car manufacturers who make their own engines than 
it is among those who make engines for the trade. Where aluminum 
pistons are used they seem to be longer than those first employed. 

Some new members in the ranks of the V-engine manufacturers 
demonstrate what was predicted generally two years ago, that the type 
had a definite field and would increase. One of the new eights is a 
Knight and the other an overhead poppet type. Both are produced by 
companies noted for quantity production and hence whose endorse- 
ment carries a great ampunt of weight. Talks with those showing 
the type and others indicate that on every hand it has been con- 
sidered a matter of cost and performance. Some believe that they can 
secure better performance from the eight for the same cost than from 
the corresponding six, and vice-versa. The shorter, stiffer shafts of 
the V-engine, as well as the smoothness of power flow, are dwelt upon 
at length by the demonstrators of the type; those who speak on the 
other side mention equal performance with easier maintenance, thus 
leaving the question open to debate with a growing popular demand 
for the V-type. 

PRESSURE OIL-FEED INCREASING 

One of the points most frequently asked about by the show visitor 
is the oiling system of the car. The increase in pressure-feed systems 
is particularly noticeable. The increase in number of pressure sys- 
tems and in the amount of pressure used has been almost in direct 
proportion to the increased piston speeds of the engine. With many 
designers stating that a piston speed of 2000 ft. per min. is desirable 
for passenger car service naturally a great amount of attention has 
been focused on the maintainance of the oil film. 

This is a trend that has been growing. A census taken at the shows 
in 1912, showed that 10 per cent of the models used pressure feed and 
20 per cent a combination of splash and pressure. This is a total of 
30 per cent putting the oil into the main bearings under pressure 
To-day 30 per cent of the chassis models use full pressure feed and 
35 per cent splash and pressure, or a total of 65 per cent feeding by 
direct pump pressure to the bearings. It is not uncommon to have the 
oil pressures as high as 40 lb. per sq. in., with the oil exercising a 
marked cooling effect on the bearing. The question of taking the heat 
away from the oil is an important one, and recent reports show that 
special provisions are under development for this purpose. In fact, 
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crankcase temperatures are being studied more carefully than ever 
in an efifort to preserve the quality of the oil. This is particularly 
important in view of the great amount of unfourned fuel that is finding 
its way into the crankcase and destroying the quality of the lubricant. 

In cooling very little is to be noted from a superficial examination 
of the show cars. Pump cooling leads with about 66 per cent of the 
chassis using it. With the detachable cylinder head it has been found 
necessary in a few instances to increase the amount of water around 
the head. More care is being used on the newer engines to eliminate 
steam pockets and hot spots due to masses of metal. The water is 
being carried closer to the exhaust passages and also closer around the 
spark-plugs. 

GAS AND COMBUSTION CHAMBERS REFINED 

Valve actions do not appear to be greatly different. In the over- 
head rocker-arm type there seems to be a tendency toward a differ- 
ential rocker. With this the travel of the rocker on the push-rod side 
is less than on the valve side. This permits the use of a lighter spring 
for closing the valve, owing to the leverage. Another gain claimed is 
in a quicker lift with a longer maximum opening, a detail that again 
reflects the effort for higher volumetric efficiency. On the other 
hand others, while conceding some of the advantages, have not adopted 
it on account of the difficulties entering into replacements. The 
service station would be forced to carry an entirely different set of 
valve parts. 

It is in the combustion chamber that some of the most important 
changes of the year have taken place. By changing small details and 
by an alteration in the gas passages, the power of the engine has 
often been increased to a surprising degree. One maker has made the 
gas passage below the valve in venturi shape with the throat of the 
venturi just below the valve and so arranged that the valve seat 
forms a continuous part of the venturi wall. This is on the small 
four mentioned as part of the gasoline-electric unit at the Chicago 
Show. 

Before leaving the combustion chamber a detail in manufacturing 
practice may be mentioned. This is the accuracy being required for 
equality of combustion-chamber volume. One manufacturer of fours 
insists that the combustion chambers check within 0.20 cu. in for ac- 
curacy. With the great care taken in balancing the high-speed engine 
the need for accuracy in this respect is self-evident. 

A development of the powerplant that is receiving more attention 
every year is its accessibility. The national shows are visited by large 
numbers of repairmen who come for the purpose of seeing develop- 
ments from their angle. Naturally, one of the first considerations is 
accessibility. Engines that can have the pistons pulled out from the 
bottom without removing the crankshaft are well liked and are being 
looked for. This question has been given attention wherever feasible. 
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The detachable cylinder head involves the gasket question and there is 
a great amount of difference of opinion as to whether the gaskets can 
be kept tight with the high-compression engine. Another point is oil- 
pump location and the ease with which the pump can be removed. 
One new stock engine used in several cars has the oil pump so located 
that it can be removed quickly by taking four studs from the bottom 
of the case. 

CLUTCHES MUST DISENGAGE WITHOUT DRAG 

After the power has been developed the next question is to transmit 
it efficiently; the improvement in powerplants is naturally reflected 
in the transmission units throughout the chassis. The first of the 
units, the clutch, shows the improvements clearly. Examining fifty- 
four stripped chassis at the New York Show and the fifty-two at the 
Chicago Show, one of the facts that stands uppermost is the decrease 
in the number of adjustments. The majority of clutches examined were 
those made by standard parts makers, who seem to show a practical 
unanimity of aim. This is- to secure the lightest possible efficient 
clutch for the torque and power delivered, and to have this clutch auto- 
matic as regards lubrication with wear-compensation in the mechanism 
itself. Many of the clutches shown had no adjustment except that on 
the pedal. It was said that some of them could be used for 50,000 
miles or more without attention. 

Clutch linkage has been altered. One of the newer cars exhibited 
has a clutch that can be disengaged by the pressure of the hand. 
This means that the travel of the clutch parts for disengagement must 
be small, because the distance that the pedal moves is about the same 
as usual. Another possibility is increased area of frictional surface 
with a lighter engaging spring. The use of fewer disks on the disk 
clutch is increasing and reduces the necessity for long travel in dis- 
engaging. This is one of the factors that is making for more easily 
acting clutches. 

The increase in the speed of rotation of the clutch parts, owing to 
higher gearing at the rear axle, has reduced the torque and con- 
sequently has its effect on clutch design. The rotating parts of the 
clutch have been made of lighter weight because of the tendency 
toward quieter gearshifting. No great increase in the use of clutch 
brakes was noted, but on inquiry it was found that quick release is 
being made a particular study, and when it is secured the clutch 
brake has been done away with by some makers. This quick-acting 
release simply prevents drag while releasing. It is this drag of the 
clutch when it is not fully released that causes the clash in shifting 
gears. 

GEARBOXES NOT CHANGED 

As far as the gearbox is concerned, little change was noted. The 
unit powerplant is still gaining with a notable increase in the use of 
the S. A. E. Standard bell housing. There has been some simplifica- 
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tion in the mounting of the control levers and also an increase in ac- 
cessibility. Iron is used to a greater extent in gearbox housings this 
year because of the higher price of aluminum and also because of its 
non-resonant qualities. The unit powerplant is now used on 77 per 
cent of the chassis. 

A feature in transmission units that will bear watching is the use 
of the electric transmission. At the Chicago Show three cars had 
three different forms of electric transmission. In addition one car 
showed the magnetic gearshift as standard equipment. 

The percentage of full-floating rear-axles in the chassis listed has 
decreased slightly. It is now 43 as compared with 52 a year ago. The 
use of the semi-floating axle has increased from 23 to 25 per cent. 
More spiral gears are being used because it is now easier to get the 
equipment for cutting them. They are now on 70 per cent of the 
chassis models. 

SUSPENSION AND BRAKES 

One of the most notable changes of the year is in spring suspen- 
sion. This may be realized from the fact that the models with half- 
elliptic springs are more than twice as numerous as those exhibited a 
year ago. The percentage of cars using half-elliptics is 36, while last 
year they were on 15 per cent of the cars. The decrease has come in 
the three-quarter elliptics. A year ago these were employed on 42 
per cent of the chassis ; they are now on 27 per cent. The percentage 
using cantilever springs remains the same. There is a tendency 
toward placing the springs directly beneath the frame instead of to 
the side. 

Probably the spring change has beien influenced more than by any- 
thing else by the use of Hotchkiss drive, which is now on 44 per cent 
of the chassis models. The half -elliptic springs, along with the other 
types, have been lengthened on many of the cars. The study of easy 
suspension is one of the most important factors in the comfort of the 
present chassis. The increased deflection per unit of weight gained by 
longer springs has resulted in a re-design of brakes in some cars. 
This is particularly true when the Hotchkiss drive is used, as there 
is always danger of brakes binding if the center and radius are not 
carefully laid out. 

Brake details have been given more attention this year than for 
some time in the past. One of the reasons is in the increased use of 
Hotchkiss drive. The points in which the brake designs are better are 
particularly the equalization, the elimination of rattle and, as men- 
tioned previously, the proper layout of pivot center and link radius. 
On many cars a continuous-cable equalizing system is used in which 
the cable runs over pulleys; others are using cable to supplant the 
linkage. 

Probably everyone is familiar with the operation of the vacuum 
brake, in which the suction in the intake manifold, amounting to a 
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few pounds per square inch, is converted into a larg^e force by the use 
of a piston of large area. A system of levers reduces the travel and 
multiplies the force correspondingly so that a powerful pull on the 
brake rod is obtained. 

ELECTRIC EQUIPMENT REFINED IN DETAIL 

It cannot be said that any radical developments are to be noted in 
electrical equipment. There has been further improvement in the 
mounting of some of the generators and starting motors, but the 
changes in design are slight. One prominent manufacturer of an 
eight-cylinder car has shifted his generator up with the fan and drives 
both from a V-belt, giving a very compact layout. 

The Bendix gear is seen on what would seem to be on casual in- 
spection a considerable majority of the cars. There are many mag- 
netic engagements for the starting motor and a few mechanical shifts. 

The use of two-unit starting and lighting systems has increased. 
Probably the increased engine speeds are responsible for this to a 
great degree, as well as the increased simplicity of generator drive. 
Another point in which increased simplicity is notable is in the gen- 
erator-output regulation. The three-brush system seems to be on the 
increase as compared with a year ago. The vibrator type of regula- 
.tion is also more than holding its own, with bucking coil and others in 
the minority. No figures have been compiled on the percentages using 
the three types, but careful observation will confirm the trend toward 
the two first-mentioned types. 

It is noticeable that there are not nearly so many complicated 
systems as existed two years or even one year ago. One electric com- 
pany has brought out during the year and incorporated on some of the 
cars at the shows a thermostatic unit that alters the charging rate to 
conform with the temperature conditions. This is a simple device 
when analyzed, which simply switches in a resistance when the tem- 
perature of the generator increases above a predetermined amount. 
This temperature is generally about 150 deg. 

Some real development work has been done in the ignition field, as 
is quite evident on standard equipments. Probably the most notice- 
able feature is the better and more compact combination of the dis- 
tributor and generator. The action of breaker mechanisms has been 
speeded up so that there is no trouble in handling even the most rapid 
of high-speed engines. One manufacturer has brought out a new 
closed-circuit system in which the movement of the contact point is 
only 0.006 in. 

TENDENCIES IN USE OF TIRES 

In tire equipment there is an increase in the use of the straight- 
side type. Another noticeable feature at the shows was the large num- 
ber of non-skids fitted on the rear as stock equipment. The cord tire 
is listed on a larger percentage of chassis and in a lower price field 
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than was the case a year ago. It is noticeable that while car-weights 
have been decreasing there has not been any great tendency toward a 
decrease in the size of tires, the tendency being toward over-tiring 
rather than in the opposite direction. 

BODIES NOT ALTOGETHER SATISFACTORY 

Great improvement has been made during the year in the propor- 
tioning of body space, particularly as regards the front compartment, 
but in many instances the driver's seat is actually uncomfortable. In 
some the driver is comfortable after he has seated himself, but while 
entering and leaving the seat he is very uncomfortable. A large man 
often buys a low-priced car and he is the last man to believe that the 
room in the driver's seat should be proportional to the price paid. 

Naturally, a longer wheelbase is to be expected on the higher-price 
car, but with reasonable proportioning and care in working out the 
position of the pedals much can be accomplished. It was interesting 
to watch some of the taller men who were invited to sit in the cars by 
the ever-alert salesmen. If the salesman were wise he would invite 
the more lengthy prospects to sit in the tonneau because there were 
several cars in which the knees would strike the lower rim of the 
steering-wheel. All in all, however, the situation in this respect is 
not so bad as it was a year ago. In fact, in a few cases one of the big 
selling arguments for the car is its driver's space. The driver is the 
owner in such a large proportion of the 3,000,000 cars on the road 
that he deserves considerable attention. He is the man that pays for 
the car, and should have as much comfort as his guests who occupy the 
tonneau. 

From a superficial inspection of the color designs at the shows the 
impression is gained that manufacturers are looking for other colors 
than black. The colors must be durable and that is the stumbling 
block of the brighter combinations. There are a number ot grays and 
greens, however, this year, and they afiford a pleasant relief. Probably 
if the truth were known some of these other colors are not much more 
difficult to take care of than the more somber black. 

There is an increase in the number of four-passenger cars and a 
decrease in or practical vanishing of the three-passenger cloverleaf 
type. The four-passenger cloverleaf of today is really not a clover- 
leaf at all, strictly speaking. If it were, the rear passengers would 
not have enough room. This was the objection last year and designers 
have given up the idea of cramping the rear passengers simply for 
the sake of having the body a true cloverleaf. The four-passenger 
roadster, which preserves the roadster lines with doors only at the 
front and with entrance to the rear through the aisle between the 
front seats, is very popular. 

CUSTOM-MADE BODIES 

Some purchasers desire individuality in cars just thie Same as they 
do in clothing, shoes or in other lines. Some of the biggest dealers 
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have increased their sales and their profits by putting custom-made 
bodies on stock chassis. The salons at New York and at Chicago were 
well attended and the proportion of actual buyers to attendants was 
far higher than at the big national shows. In New York one rebuilt 
British chassis fitted with a fine example of the custom-body builder's 
art sold off the floor of the Astor for $14,000. This same idea carries 
back through all the price classes. On the street at New York, just 
outside the Grand Central Palace, there was a row of cars fitted with 
some exceedingly neat speedster bodies painted attractive colors. 
These sold at an advanced price, and although the chassis is one that 
is low in price, these little cars with their attractive bodies appealed 
to a very high class of buyer. 

The door fitting should be improved, as shown by an inspection 
even of the carefully prepared show bodies. On one side the doors 
would be tight and on the other loose. The shape of the center cowl 
can also be improved. On one car exhibited a real use was found for 
the center cowl by providing in it a place where the rear windshield 
could be housed. Many at the show believed that the rear windshield 
is coming, and it has been said that once it is tried the user never 
wants to be without it. 

Another place where improvement is suggested is in the contour of 
the upholstery of the back of the seat. After sitting in perhaps fifty 
or sixty different cars at the New York and Chicago shows, the differ- 
ent effects of the shape of the seat back cannot help but strike one as 
important. In some the bulge is too high, in others too low. In some 
it is necessary to sit exactly vertical and in others one actually leans 
forward if sitting well back in the seat. The most comfortable posi- 
tion seemed to be that in which one leans slightly backward with the 
bulge in the leather fitting the natural curve of the back. Care seems 
to be particularly necessary when the seat has a pronounced rake ; the 
forward inclination is then imparted if the curve of the back is not 
correct. 

The arrangement of the extra two seats on the seven-passenger car 
is better this year on some cars and not very good on others from the 
standpoint of both appearance and comfort. One maker folds his 
extra seats under the rear seat, giving perfect concealment. Another 
maker of four-cylinder cars has a particularly good arrangement with 
well-upholstered extra seats. These fold into a deep center cowl and 
the backs are amply padded. A long ride in seats such as these is not 
the rather painful experience that it is on some of the hard seats 
without proper backs. 

One last feature that needs only mention, as its practicability 
seems well realized, is the car for all times of the year. For the man 
who travels with his top up in summer the permanent-top type is sup- 
plied, and for those who like nothing but the blue sky overhead the 
convertible types are available. Both of these were present in g^^eat 
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numbers at all the shows and both are greatly improved, as regards the 
removal of the troublesome rattle, compared with the models of a 
year ago. 

NOVELTIES AT THE SHOW 

There is always a novelty or two at the shows. This year at New 
York a front-driven car drew much attention. The steam car, which 
is not new with us, but which for some time has been absent from the 
floors of the Grand Central Palace and the Coliseum, was always sur- 
rounded by throngs. Another newcomer at New York had a sixteen- 
valve overhead-camshaft engine, and still another showed an electric 
which was simplicity personified, the motor being mounted directly on 
the rear axle and acting both as a driving unit and as a dififerential. 

On the front-driven car a stock powerplant is used, with the engine 
mounted as a unit powerplant in the usual manner, but the drive 
transmitted forward to a live front axle. There is a dry-disk clutch 
within the bell housing, and the clutch shaft, instead of transmitting 
the drive directly to the main shaft of a gearbox, carries a worm. 
This meshes with a Hindley worm wheel with floats on the differential 
housing. From this wheel the various reductions are obtained by an 
orthodox gearbox mounted transversely across the front of the car 
directly below the worm gearing. All the weight at the front end is 
carried upon a dead axle with the live axle transmitting the drive 
from the gearbox and differential and mounted flexibly on each side of 
the transmission unit. There is a universal at the point where the drive- 
shaft leaves the gearbox and another at the point of connection to the 
front wheel. This gives a full universal action for the driving mem- 
ber and permits of free steering, which is accomplished by a central 
pivot located directly in the axis of the wheel. 

BETTER WORKMANSHIP SUGGESTED 

It seems fltting that a plea for better workmanship, particularly 
on bodies, should be made. The buyer of to-day looks into the matter 
of careful workmanship to a greater extent than is realized by many 
who deal with the manufacture of the car rather than its sale. The 
exterior outline has been given a great amount of attention, but as in 
buying a house the purchaser looks not only at a beautiful exterior 
but at the fitting of the woodwork and the care with which the trim- 
ming is applied. We have a firm foundation in the chassis, a beautiful 
piece of architecture in the body; now let us have beautiful workman- 
ship in the interior. 

One of the things commented on at the shows was the growing size 
of the vacuum tanks. Some of the eight-cylinder cars carry tanks that 
are particularly large and of which the weight must be considerable. 
It has been suggested that the vacuum tank could be built directly into 
the cowl. There does not seem to be any necessity for having a 
cylindrical tank. A flat cowl tank, having a capacity of a gallon and 
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with the vacuum-feed system incorporated would not take up a great 
amount of space. It would be an advantage to have a good supply of 
fuel close to the engine where it can become warm. 

The distinct increase in the number of tilting steering-wheels 
should be mentioned. One of the most difficult parts of body design 
is to observe all the correct proportions and at the same time permit 
easy entrance into the driver's seat. The tilting steering-wheel over- 
comes this problem very neatly. 

Some of the big companies can purchase leather in such enor- 
mously large quantities that they can use the true product for uphol- 
stery. Others believe that some of the substitutes can be used just as 
satisfactorily. The cars produced in 1915 used a considerable amount 
of this artificial material, and on the whole it cannot be said that it 
was satisfactory. It cracked in cold weather, soon lost its luster and 
peeled wherever any chafing existed. The cars of 1916 have not 
shown these difficulties to such a large extent. It may be, of course, 
that they have not been out long enough, but with the increasing price 
of leather the question of leather substitutes becomes highly pertinent 
and is one upon which every manufacturer must be fully informed. 

WEAK SPOTS IN CHASSIS 

We have a few weak spots such as chassis lubrication, pedal lay- 
outs, incompleteness in finish of the body trim and in the handling of 
the fuel situation. The first mentioned is probably one that is least 
studied and yet, from the car owner's point of view, is the most impor- 
tant. In one car shown at all the shows five g^^ease-cups are placed 
under the car, at the center where the drive-shaft is divided, and not 
one can be reached handily except by climbing beneath. Other makers 
have studied this subject to some extent, and a few are substituting 
oil instead of grease, a practice which may grow. 

In pedal layouts the positions of the clutch pedal and the accelerator 
are the two worst offenders. It is difficult to put the foot quickly upon 
some of the clutches, and for driving in traffic an uncomfortable clutch 
is very bothersome. The accelerators on some cars are sufficient to 
give the driver housemaid's knee or some other uncomfortable afflic- 
tion, after a long drive. One maker showed an accelerator with which 
the foot can be always kept flat on the floor, the pedal moving side- 
ways for speed changes. This seems to have possibilities, as the 
grreatest strain with the ordinary accelerator comes from the necessity 
of having the foot resting continually on the side or on the heel. 

It is only in the details, however, that there are a few signs of 
lack of attention. Broadly speaking, this has been a year of g^^eat 
progress and, although we cannot come forward with a long list of 
radical innovations, the gains here and there in important particulars 
and the strides evidenced by the many improved details make the show 
season of 1916-1917 an important milestone in the automobile industry. 
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DISCUSSION 

C. C. Hinkley: — The sixteen-valve engine should be used only 
when excessively high speeds are required. I believe we cannot use it 
commercially on cars operating most of the time at speeds less than 
30 m.p.h. I think that the expense connected with the sixteen-valve 
four is not commensurate with its commercial value, because it is 
nothing more or less than a modified T-head engine with all its at- 
tendant difficulties. The T-head engine is limited in its functioning, 
owing to the excessive size of the pockets over the exhaust valve, 
which prevents the use of maximum pressures, such as are employed 
to-day; the reason for this being, as I have analyzed it, that the dead 
gas is formed over the exhaust-valve pocket, and never gets away. 
Gas is always present in a pocket and is compressed by the incoming 
charge. Ultimately, when a high compression is used, the gas becomes 
incandescent and ignites prematurely, the result being an engine knock. 

I can see no reason for twin exhaust-valves. We know by dynamom- 
eter test that the exhaust valve is not so important in its functioning 
as is the inlet valve. There is a reason for the twin inlet-valve, be- 
cause it has been determined that the exhaust can be considerably 
smaller than the inlet, in a ratio of at least four to five. We must con- 
sider whether the manifold capacity is sufficient to take care of the 
twin inlet-valves. When we increase the capacity of the inlet mani- 
fold we decrease the gas velocity correspondingly. When we decrease 
the gas velocity, part of the carbureting feature of the manifold is 
taken away from it; as a result the mixture condenses rapidly in the 
passages and there is consequently loading of the engine under heavy 
pulling, or in the low-speed wide-open throttle condition. The one 
other way to prevent such condensation is by the application of ex- 
cessive heat, which lessens the volumetric efficiency. If the volumetric 
efficiency is decreased, owing to the heat used to take care of the twin 
inlet-valve, what is the value of the excessive valve capacity on the 
inlet side? 

I have tried overhead valves myself in several ways, and I am not 
very enthusiastic over the idea. To my mind the only correct way to 
build an overhead-valve engine is to lubricate all the moving parts. 
The average overhead-valve engine is lubricated in a hit-and-miss 
fashion, which only increases the wear and the attendant noise. I be- 
lieve that the old objection of noise has not been g^reatly overcome by 
the use of covers, because I have never been able to muffle noise with 
covers. 

"The demands of the public are for quick get-away, and naturally 
this means high power." I do not know what Mr. Schipper's meaning 
is in that sentence, unless it is a high torque, with quick get-away; this 
in connection with the lower rear-axle ratio may mean high power or 
the sensation of high power. And he states that our "normal" travel- 
ing has to be done at small throttle-opening with a consequent low 
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thermal efficiency. That is something like saying that "our poor rela- 
tions are always with us." We have always had that condition. I do 
not know really how we can get away from it; the only protection we 
have is that due to some sort of an economizer action in the car- 
buretion, when normal driving is done. 

I believe the greatest trouble with detachable cylinder heads 
occurred when there were not sufficient bolts. Valve distortion is due 
entirely to the location of bolt bosses adjacent to valve pockets, but 
the error is in the design rather than in the principle. 

DETROIT FUEL ORDINANCE 

We have recently passed a city ordinance in Detroit by which we 
will standardize the fuel. We will not try to tell the oil people what 
they shall make ; we are not going to try to get a guarantee from them. 
What we do want is to have tanks properly labeled so that we will 
know what we are buying. The ordinance provides that 20 per cent of 
the fuel shall distill off at 220 deg. F., that 50 per cent shall go off un- 
der 300 deg,, and 98 per cent shall go off at 450 deg. 

Mr. Schipper states that the use of the heated intake-manifold is 
gradually growing. By that I understand he means the intake pas- 
sage, and does not mean the pipe from the hot-air stove to the car- 
bureter. It is my belief that there are two places at which to heat the 
charge; one is in the intake passage, and the other is before the air 
reaches the carbureter. The efficiency is less when the pure air is 
heated before reaching the carbureter than when the charge is heated 
in the intake manifold. All attachments between the carbureter and the 
stove should be so arranged that they can be disconnected during the 
warm months. The reason for this is that when the charge of gas 
is passing the carbureter, the lighter elements (the pure air content) 
will always take to the center, while the heavier elements will cling 
to the pipe. In heating the intake the heat is applied where it is most 
needed, that is, to the raw fuel, and not to the air forming the bulk 
of the charge. 

Most of our engines have been of too light weight. The greater 
part of our main bearing trouble is due entirely to crankcase distor- 
tion, and this is particularly so if aluminum cases are used. We have 
lately been experimenting with what we call the "dry-wringing" of 
crankshafts ; under high torque, with an electric motor, it is an actual 
fact that it is impossible to put a bearing that will keep its form into 
a case under the dry-wringing process, unless it is very securely 
ribbed. This testing work is no more severe than what the shaft is 
actually put to in service. I know of many designs in which the main 
bearing is bound to distort after being in actual service, and to give 
trouble. 

The aluminum piston is all right if handled properly. We are 
machining tapered aluminum pistons having clearances of 0.025 in. at 
the top land, 0.015 in. at the second land, 0.009 in. on the third, 0.006 
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in. at the top and 0.004 in. at the bottom of the piston skirt. We have 
recently been experimenting with aluminum and cast iron pistons. 
We have run a thirty-day break-down test with wide-open throttle, 
at 1700 r.p.m. and 37 hp. With the cast iron pistons, the center of 
the head invariably failed and could not be kept in, owing to the 
excessive heat. 

The manufacturer who insists that the combustion chambers check 
within 0.20 cu. in. is probably working on a high-priced proposition and 
can afiford to machine the combustion chambers ; for the average-priced 
car, such as most of us are trying to build today, such a degree of 
accuracy is unnecessary. 



REQUIREMENTS FOR COMFORT 

I have heard a g^^eat deal about comfort, and it seems to me we 
ought to lay down a short and concise rule as to what is needed in the 
way of comfort in the driving compartment. I have made a study of 
that and have come to the conclusion that bodies can be called comfort- 
able when their dimensions Jie within certain limits and uncomfortable 
when they are beyond these limits. I would like to state what the 
limits are. 

The distance from the clutch pedal measured over the edge of the 
front-seat cushion to the seat-back should lie between 37 and 38 in. 
on the average car. The distance can be made greater if desired. If 
it is less than 37 in. the result will be what is called a slightly uncom- 
fortable car. The shorter this distance the more uncomfortable it gets. 
The height of the cushion from the floor can vary from 13 to 15 in. 
and the depth of the cushion from 16 to 18 in., 17 in. being preferred. 
The distance from the lower side of the wheel to the cushion can be 
between 7 and 8 in. The distance from the wheel straight back to the 
trimming should be from 13 to 15 in. The width across the body at 
*.he hips of the driver should not be under 42 in. ; across the door, that 
is, between the front hinges where the door breaks, it should be about 
41 in. If the body is too flat on the side, it has a tendency to converge 
too rapidly, giving the impression of being cramped in the knee room ; 
this is especially the case in a center-control car. 

Cornelius T. Myers: — To my mind two things should be con- 
sidered by engineers with more application than has been given them 
in the past. One is the question of chassis lubrication. It is of vast 
importance that we give the small points of the chassis the engineering 
application so that they can go for a long time without any attention 
and can give service almost indefinitely. Mr. Schipper pointed out 
that a vast number of cars go into the hands of men who look after 
them themselves, or do not look after them. The small points are 
things on which we must concentrate, the things that make a fool- 
proof car. They are not necessarily expensive in the long run, al- 
though they may be at the start. 
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NEW IDEAS FOR SUSPENSIONS 



Something else that should receive a great deal of attention is the 
spring suspension, and I think many of our old ideas on that question 
will be exploded. The paper* on Dynamics of the Automobile, given 
at the last Annual Meeting of the Society, deserves consider- 
able study, because the subject is so important. An easy riding 
car has ordinarily been considered as one with a long wheelbase. Mr. 
Akimofif states, and I believe he is absolutely right, that the shorter 
the wheelbase the easier the car will ride, all other things remaining 
the same. Most of us have had the contrary opinion, based on the 
fact that a great many cars having long wheelbases ride more easily 
than those with short wheelbases. The riding qualities depend on fac- 
tors entirely outside that of the wheelbase; one of these factors is the 
weight. 

It is ordinarily believed that the lower the center of gravity the 
easier the car will ride. This is not so, as anybody that has had ex- 
perience in driving railroad locomotives knows. The higher the center 
of gravity, the more slowly the beam will vibrate. The period has 
been very much increased. Two things will make spring suspension 
better and cheaper: an effective decrease in the wheelbase and an 
increased distance of the point called the center of gravity above the 
center of oscillation of the car. 

C. F. Jeffries : — The vacuum brake may be a good proposition, but 
a number of vacuum tanks will not work on an eight-cylinder car 
without a great deal of tinkering. The pressure in the manifold does 
not seem to be low enough to lift the gasoline up to the vacuum tank, 
let alone apply the brakes of a car. 

OBTAINING colors FOR BODIES 

Albert I. Stevens: — The color matter that Mr. Schipper referred 
to is really more a matter of factory practice and cost than it is an 
engineering matter, but it is more serious probably than many of us 
realize. I have known of the time when a certain ingredient used in 
making red was so scarce that the entire market of the country af- 
forded only 500 lb. This was bid for by various color companies in 
the East, and the price went up to a point where it was entirely out of 
proportion to the value. Leaving out the question of cost, there is also 
the feature that whoever got that ingredient had no assurance that 
he could get any more like it. 

In the modern system of baking, which is very rapidly coming to 
the front on bodies as well as on the metal (or on what were hereto- 
fore known as metal) parts, the application of heat will change and 
alter to a great extent the shade of the color. We will have a "Joseph's 
coat" effect all on one body, if great care is not used. Most of these 
bodies painted on the quantity-production basis are flushed or dipped 



•Remarks on Dynamics of the Automobile. N. W. Akimoff. S. A. E 
Bulletin, December, 1916, p. 262. 
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in the paint or it is put on under pressure (flooding processes of vari- 
ous kinds) ; the various systems require a large amount of material — 
one color being used at one time — and if the color should happen to be 
changed at the end of a season, there would be an immense loss in the 
goods on hand in the tanks. 

author's closure 

J. Edward Schipper: — I believe that we cannot say very much 
about the sixteen-valve engine as yet. It has not been commercially 
on the market long enough. There are certainly a few that believe 
very strongly in it, and I know ten or twelve experimental jobs have 
been tried out. 

Mr. Hinkley suggests the necessity for twin intakes rather than 
the twin exhaust. That almost suggests a twelve-valve engine with 
single exhausts and twin intakes. The manifold design is no doubt 
a compromise. We must compromise between the velocity in the intake 
manifold and the possibilities of volumetric efficiency with a preheated 
charge. We have all realized that the preheated charge must come, 
and naturally it will give a lower volumetric efficiency. 

The workmanship on the aluminum piston really seems to be the 
critical point in the whole situation. One company had to send men 
all over the country to take out aluminum pistons and put in iron ones, 
simply because of poor workmanship. The question of clearances is 
so important that a little deviation means a great deal of trouble. 
Deviations occur easily unless we watch that particular department all 
the while, and with big production it is hard commercially to main- 
tain the clearances and small tolerances that are allowable with alumi- 
num pistons. 

The question of pressure feed, as Mr. Hinkley said, is important, 
and no doubt the use of such systems will increase. The splash sys- 
tem is inadequate, and also inaccurate. It might be well to consider 
the pressure that is exerted on the oil scoop as it cuts through the bath 
of oil at each revolution at high speed. It is true that the oil pool 
does not have time to close. In an engine revolving at 2800 to 3000 
r.p.m., the pool of oil in the sump has not come together by the time 
the scoop comes around on the next revolution. At the same time a 
considerable amount of pressure is everted and also a considerable 
amount of impact. I know of one case when a special engine was 
rigged up for a test, and the scoop was battered off the connecting-rod. 
Those particular scoops were brass scoops, brazed on. If the impact 
was sufficient to take off a brazed scoop, it might even have an influ- 
ence on balance. 

ROOM IN driver's COMPARTMENT 

Suppose A, Fig. 1, represents the entrance, B the side of the car, 
C the seat and D the steering-wheel. This dimension E, that is, from 
the point of entrance up to the steering wheel, is of great importance. 
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The door might be a large one, but it is of no value whatever unless 
the clearance space at E is sufficient, because a man entering a car 
does not pass through the whole door; he has to squeeze between that 




Fia. 1 — Seating Arranobment op Cab 

middle point at E, I have measured cars in which the space from the 
steering-wheel to the corner of the entrance was only 4-in., and it takes 
a pretty good contortionist to get through that. 

I am not advocating the vacuum brake, and I did not mean to imply 
that in the paper. I was speaking to an engineer the other day and 
he mentioned the fact that when the spark is off or if the engine is 
dead or not in operation, there is no vacuum to work with, which 
I think is a good point. 
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METHODS OF COMPARING AUTOMOBILE 

PERFORMANCE 

By Walter T. Fishleigh 

(Member of the Society) 

From the earliest days of the automobile industry we have heard 
much about "automobile performance" and "car ability." The price 
set upon his product is in general the manufacturer's estimate of the 
willingness of the public to part with so much money for so much 
automobile performance. The importance of performance has long 
been realized by the automobile-buying public. Performance is to an 
automobile what character is to a man. It is almost as hard to de- 
fine; it has almost as many disconcerting factors; it is almost as jeal- 
ously guarded by manufacturer and owner alike. The subject has 
been discussed for years by every well-organized engineering depart- 
ment and can be and has been approached from half a dozen differ- 
ent angles with apparently inconsistent results; it includes the whole 
problem of design from radiator to tail-lamp. 

The g^eneral idea of performance is old as applied to automobiles, 
but the standard for it has been raised at an alarming pace in an 
effort to keep up with improved design. Only fifteen years ago, the 
standard was based largely upon the single-cylinder "jump-about," 
which was conceded to be a star performer if it would run most of 
the time and stop when desired, without regard to such trifling items 
as acceleration, speed, fuel economy or general physical convenience 
of the riders. 

The advent of the eight and the twelve, the rapid improvement in 
the light four and six, scientific reduction in car weight without mate- 
rial sacrifice in riding comfort, revised notions of piston speed and 
gear ratio — each of these has in the past three years drawn special 
attention to the matter of performance; each in so doing has empha- 
sized the fact that an accepted and accurate method for estimating, 
measuring and comparing automobile performance would be of tre- 
mendous value. In the midst of varying claims by manufacturers for' 
their product, varying tests purporting to show performance of a par- 
ticular car, varying formulas for estimating everything from tractive 
effort to so-called car-ability, a genuine demand has grown up for an 
agreement upon tests for determining if possible a definite formula 
or record for relative car-performance. 

FACTORS OF AUTOMOBILE PERFORMANCE 

The factors that make for good car-performance have been more 
or less agreed upon. The tests that show the degree of car perform- 
ance or car ability are pretty well recognized, and there is little doubt 
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that if a new model were to be tested for "general performance," the 
following tests or their equivalent would be made: 

1. The car would be driven upon good pavement to determine its 
range of operating speed; that is, the lowest and highest speeds at 
and between which the engine and car operate steadily and success- 
fully. 

2. The acceleration would be tested, probably starting at the lowest 
steady operating speed and determining the time necessary to ac- 
celerate to the maximum speed; or perhaps the test would be run be- 
tween two arbitrary limits, as from 5 to 55 m.p.h. 

3. The car would be operated on steep grades or hills. This test 
would involve both high gear work at different speeds, and operation 
in the different gears. 

4. Tests would be made upon the road or upon a speedway to de- 
termine fuel economy; that is, miles per gallon of gasoline. Econ- 
omy runs, to be scientific, definite and comparable, should be made at 
a number of definite speeds, for example at, 10, 15, 20, 25, 30, 40 and 
50 m.p.h. The results will give an economy curve that tells the com- 
plete story of economy at various speeds. 

5. The car would be run over good, bad and indifferent roads, at 
various speeds, and going through various maneuvers to determine 
"riding comfort." This factor is the resultant of many items in de- 
sign, such as weight, wheelbase, spring suspension, engine charac- 
teristics, body and seat design. 

For completely trying out car performances, tests would be run 
to determine (1) range of operating speed, (2) acceleration, (3) hill- 
climbing ability, (4) fuel economy, (5) riding comfort. Other things 
being equal, acceleration and hill-climbing ability are both directly 
dependent upon, and measures of, excess drawbar pull per pound of 
weight over that necessary to propel the car at a given speed against 
the usual road, wind, tire and frictional resistances. If the inertia 
of rotating parts be neglected, the one is directly proportional to the 
other. If inertia of rotating parts be considered, two cars of equal 
weight and hill-climbing ability will show accelerations slightly in 
favor of the car in which the inertia of rotating parts is the smaller. 
Likewise of two cars of equal weight and accelerating ability, that 
car will be the better hill-climber whose moment of inertia of rotating 
parts is the larger. In any event, however, this variation due to dif- 
ference in inertia of rotating parts is small. 

Either the relative acceleration of two cars or their relative hill- 
climbing abilities will give a simple, understandable and accurate 
means of comparing these cars as far as excess drawbar pull is con- 
cerned. Acceleration or "pick-up" is easily and accurately measured 
with well-known precision instruments, which are available in all 
parts of the country without great expense. The approximate hill- 
climbing ability can be calculated at any speed, once the acceleration 
at that speed or the acceleration curve covering the range of operat- 
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ing speeds is at hand. For these reasons, it is proposed that ac- 
celeration tests be agreed upon as the standard factor in car perform- 
ances for indicating excess drawbar pulk Complete performance then 
becomes the resultant of (1) speed range, (2) acceleration, (3) econ- 
omy of fuel and (4) riding comfort. 

The range of successful and steady operating speed is much em- 
phasized to-day, both minimum and maximum speeds being important. 
The lower the minimum speed and the higher the maximum si>eed, the 
better the performance. Many operators place a premium ujwn low 
operating speeds, others upon high maximum speeds; the use of the 
straight operating range would seem to be a fair solution, thus in- 
creasing the value of car-performance with either lower or higher 
operating speeds, but not in direct proportion. For two cars, other- 
wise the same, but the first with a speed range 10 to 40 m.p.h., the 
second 5 to 65 m.p.h., the performance of the second would be two 
times that of the first. 

Economy of fuel or mileage per gallon is a function of the effi- 
ciencies of the engine and power-transmitting units, of the size of the 
engine, of gear ratio, and of weight of the entire car. Other things 
being equal, that car which shows a consumption at any speed of 20 
miles per gallon is a better performer than the one that shows 18. 
The fourth factor — riding comfort, as determined by weight, wheel- 
base, spring suspension, engine characteristics and design of body and 
seats — is evidently one that cannot be expressed once for all by a form- 
ula. Moreover, it cannot be defined in mechanical terms or measured 
by any mechanical yardstick. It is an item dependent upon the judg- 
ment of the individual, in which the personal equation is not only 
present but predominant. 

We can state that automobile performance varies directly as speed 
range (5), acceleration (A), economy of fuel (E), and riding com- 
fort (C) ; where S = speed range in high gear, in miles per hour; A 
= average acceleration of car in feet per second per second over the 
complete range of its operating speeds; E = average fuel economy, 
over the complete range of its operating speeds, in miles per gallon; 
and C = riding comfort factor, which must be determined by each 
individual. 

On account of the item C, complete car performance or car ability 
cannot well be determined once for all by rigid test, nor estimated in 
any simple and practical way. The item C must be left to personal 
judgment. In considering car performance, however, the other items 
(5, A, E) are each susceptible of scientific determination and meas- 
urement. Their combination when obtained, while not giving the com- 
plete expression for car performance, still affords a valuable com- 
parison for cars and constitutes what might well be called the "auto- 
mobile performance factor." This factor equals SAE. 

^hen considered from the standpoint of this automobile perform- 
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ance factor, different cars can be definitely tested, a definite value for 
each item in the factor obtained, and relative performance quantita- 
tively rated as regards speed range, acceleration and economy of fuel. 
This factor affords the engineer, the manufacturer and the buying 
public a ready and reliable means of comparison of car performance. 
An investigation of the three items that make up the complete factor 
leads at once to comparative values in the details of performance. 
Suppose we have two cars, the first with speed range of 10 to 50 m.p.h. 
accelerating from 10 to 60 m.p.h. in 30 sec., averaging 20 miles per 
gallon; the second with speed range of 5 to 65 m.p.h., accelerating 
from 5 to 65 m.p.h. in 20 sec, averaging 10 miles per gallon of fuel. 

SAE = 40 y 20 y 2 = 1600 (First car) 

SAE = 60 X 10 y 4.4 = 2640 (Second car) 

This factor, or mor.e properly the three items of the factor, when 
considered with C (riding comfort) afford an accurate estimate of 
complete performance or ability and should form a sound basis upon 
which to judge the car as an operating unit. Individually we can go 
even further, assign a relative percentage value to C, multiply the 
performance factor by it, and obtain at once a figure for each car 
that represents complete performance or ability. Some question may 
rightly be raised as to the relative weight that should be given S, A 
and E in the factor, but after extended consideration, it would seem 
that from the standpoint of importance to the operator, only equal 
weights can be assigned. The car weight does not appear separately in 
this factor, but indirectly exerts its influence upon 5, A and E. In 
each case the penalty for increased weight appears in a reduction of 
the value of acceleration, mileage per gallon of fuel and speed range, 
the effect upon the final automobile performance factor being marked. 
It must be emphasized that the items in the performance factor have 
reference solely to performance of the car as it stands, as an operat- 
ing unit. 

The relative advantages of the seven seats of the touring car as 
compared with three in the roadster, the riding qualities of the heavy 
car as compared with the light car, the operation of the twelve- 
cylinder engine, as compared to the four, six or eight of equal horse- 
power, the advantages of the limousine as compared to the touring 
car — these are matters to be settled in a preliminary consideration 
or to be included with proper weight in the riding-comfort item C. 
The factor is of particular value in comparing the relative perform- 
ance of two cars of similar characteristics. It is not desirable to com- 
pare, from the standpoint of performance, widely different structures, 
such as the pleasure car and the truck, vehicles designed for entirely 
different service, in which the various items that make up perform- 
ance have entirely different relative values. The performance factor 
for the commercial truck can be quite different and is therefore a 
subject for separate consideration. 
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DETERMINATION OF PERFORMANCE FACTORS 

The actual conduct of tests necessary to determine speed range, 
acceleration and economy is not difficult. They should be run under 
the direction of a competent and disinterested judge or official who 
shall be responsible for and certify to all the tests and who shall 
have authority to appoint his assistants. In order to obtain uniform 
and comparable road conditions, all tests should be run upon a sub- 
stantially level road surface or speedway of asphalt, brick, concrete 
or wood. The results of tests on such surfaces will be higher than 
average results that might be obtained in "ordinary service" by the 
owner, and in no way should they be represented as the latter. Cars 
tested should be strictly stock cars in every particular, carrying full 
complement of passengers and full standard equipment. In no case 
should the tests be run where there is appreciable wind, that is to 
say, wind over about 15 m.p.h. The complete test for performance 
includes at once the runs for determination of all three stated factors 
and in no case should change or adjustment of parts be permitted 
during the complete test (for example, carbureter adjustment, gear 
ratio, tires). 

The test for determination of speed range hardly needs discus- 
sion. The lowest speed at which the car will operate steadily and 
continuously and from which with careful manipulation it will pick 
up through its range can be determined by successive trials. The test 
for steady operation at lowest speed should cover probably a mile, the 
actual determination of the speed in miles per hour being made by 
timing over a measured course. The maximum speed would be de- 
termined in a similar way. 

The acceleration test should provide for measurement of the maxi- 
mum acceleration of the car in feet per second per second, at a series 
of speeds covering the complete range. Approximate results have 
been obtained (1) by use of calibrated speedometer and stop-watch 
and (2) by use of calibrated speedometer and accelerometer. In the 
first case acceleration is determined by measuring the time necessary 
to accelerate between speeds equally above and below the given speed. 
For example, acceleration at 20 m.p.h. is determined by observing the 
time necessary to increase the speed from 15 to 25 m.p.h. In the sec- 
ond case an accelerometer is carried in the car. With the car running 
at any given speed, the throttle is opened wide and the acceleration 
reading taken direct from the accelerometer. Either of these is a 
simple and approximately correct method and as such has value. 
On account of inherent inaccuracies in the instruments, the lag and 
absence of dead-beat characteristics in both the speedometer and ac- 
celerometer and the personal equations that must play a considerable 
part, these methods would hardly be recommended for standard or 
certified tests. 

A simple and accurate acceleration test has been proposed as fol- 
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lows: The car is brought to its lowest successful operating speed and 
driven at that speed to the starting line of a measured course. It is 
then accelerated as rapidly as possible to its maximum speed. The 
course is marked off in equal divisions; at each division a contact 
point is located, which can be struck by a small gate carried under 
the front axle. At the starting line is located a recording drum, re- 
volved by clock mechanism or by an electric motor driven by bat- 
teries. Writing its record upon this drum is a small marker, which is 
electrically operated by a calibrated clock and which registers time 
elapsed in seconds or half seconds. Another marker is electrically 
operated when the various contact points along the course are struck 
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by the gate under the front axle. Thus is obtained an accurate record 
of the time for traversing each of the measured intervals along the 
course. From these data, the accelerations at the different speeds 
can be determined accurately, either by means of curve plotting or by 
calculation. The final acceleration curve will show the acceleration in 
feet per second per second of the car over its complete speed range. 

Fig. 1 shows an acceleration curve for a six-cylinder car, total 
weight 5280 lb., gear ratio 3 10/13 to 1, size of engine 4% by 5% in., 
wheel diameter 37 in. Fig. 2 shows an acceleration curve from an 
eight-cylinder car, estimated gross weight 4150 lb., gear ratio 5 1/14 
to 1, size of engine 3% by 5% in., wheel diameter 36 in. 

Fuel economy, or mileage per gallon of fuel must be determined 
by a series of runs at various speeds, as, for example, at five-mile in- 
tervals over its speed range, and a curve plotted showing miles per 
gallon as ordinates and speed of car in miles per hour as abscissas. 
Typical curves for fuel-economy runs are shown in Figs. 3 and 4. 
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The curve in Fig. 3 was obtained from tests of an eight-cylinder car, 
3% by 5% -in. engine, gear ratio 4% to 1, tires 36 by 4^ in.; esti- 
mated gross weight, 4150 lb. The curve shown in Fig. 4 was obtained 
from a test of a four-cylinder car, 3% by 4% -in. engine, gear ratio 
3.58 to 1, tires 30 by 3^ in., estimated gross weight 3000 lb. 

Two methods for determining fuel economy are directly available; 
either with proper apparatus, proper care in manipulation and proper 
officials should prove accurate and satisfactory. The first involves 
the consumption of a gallon of fuel carried in a specially constructed 
tank, the supply from which can be properly fed to the fuel line at the 
starting point. The distance covered on the gallon is measured di- 
rectly. The second method involves a run of say 10 miles at each 
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Fia. 2 — ^Acceleration Curve for Eiqht-Cylindbr Car 

speed, using fuel from a special tank. A pipe from this tank is 
opened into the fuel line at the starting point and closed at the finish. 
The weights of the tank at the start and end of the run are taken, 
and the mileage per gallon can then be determined. The second 
method is preferable, because it is more convenient and practical to 
conduct. 

These determinations of speed range, acceleration and fuel econ- 
omy are all parts of the performance test. They must be run as such, 
without change in car parts or adjustments. Any one of these runs, 
made by itself, with special adjustments or special parts, is of little 
value. If it is desired to compare two cars after test, the automobile 
performance factor is obtained by multiplying the speed range, the 
average acceleration over the entire speed range as determined from 
the acceleration curve and the average fuel economy in miles per gal- 
lon from the fuel-economy curve. 
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OTHER PERFORMANCE OR ABILITY FORMULAS 

Many formulas for automobile performance or car ability have 
been developed. They differ widely in the method of approaching the 
question and in the fundamental factors included; in the majority of 
cases they are efficiency formulas strictly, developed for estimating 
from engine size, gear ratio, weight and wheel size, the probable per- 
formance or probable performance factors of a car. In the opinion 
of the author none of them is as comprehensive as it should be. Not 
one is based entirely upon accurate scientific tests that determine the 
true values for the factors making up performance and therefore the 
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true value for performance itself. The most important of these form- 
ulas will now be considered, using the following symbols : d = cylinder 
diameter, in.; S = stroke, in.; iV = number of cylinders; R = gear 
ratio; D = wheel diameter, in.; TF = vehicle gross weight, lb.; M = 
average fuel economy, miles per gallon; P = engine horsepower at 
given speed; Dp = excess drawbar pull at any speed over that neces- 
sary to propel the vehicle at that speed. 

AbiHty =^ (1) 

This simple formula is one of the oldest and perhaps most widely 
known for estimating so-called ability. Its mathematical value has a 
direct physical interpretation, in that at a given speed for cars of 
equal transmission and rear-axle efficiencies, it will be proportional to 
total drawbar pull per pound of weight. For cars of different trans- 
mission and rear-axle efficiencies, the formula becomes inaccurate. 
Acceleration or hill-climbing ability of a certain car at a given speed 
is proportional, however, to excess drawbar pull per pound of weight 
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over that necessary to propel the car at the given speed, so that even 
as an estimate of this one factor in automobile performance, the 
formula is hardly tenable. The total drawbar pull per pound of 
weight can be the same for two different cars, for example, a lim- 
ousine and a roadster, yet the excess drawbar pull per pound of 
weight, and therefore acceleration and hill-climbing ability can be 
quite different, especially at comparatively high speeds. The mere 
substitution, as is customary, of maximum engine brake horsepower 
for P in this formula is of little if any value. If maximum torque 
were used, instead, we should come nearer to the relative hill-climbing 
and acceleration abilities, but even then the results would not be di- 
rectly comparable. As a formula for estimating complete automobile 
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Fig. 4 — Fubl-Economt Curve for Four-Ctlindkr Car 



performance or ability, it does not include the three factors, speed 

range, fuel economy and riding comfort. As a formula for use to 

obtain the automobile performance factor it does not include speed 

range or fuel economy, and is not strictly correct for acceleration or 

hill-climbing ability. 

8 n cP 8 r 
Vehicle Coefficient = — =r-i=; — (Myers, 1916) (2) 



DW 



K = 14,550 



Q = 3000 



d? 8 nr 
<P 8 n r 



DW 



(Roebuck, 1912) (3) 



(Thomas) (4) 



The close similarity of formulas (2), (3) and (4) is manifest. 
John Younger has pointed out that they represent piston displace- 
ment per pound moved 1 ft. On the assumption that every cubic 
inch of piston displacement represents so many foot-pounds of en- 
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ergy, they give a measure of a car's ability. The greater the dis- 
placement per pound moved 1 ft., the greater should be the car's 
ability to speed, to climb and to accelerate on the particular gear 
reduction considered. From another viewpoint each of the three 
formulas represents total drawbar pull per pound of weight. These 
formulas may be of value in estimating total drawbar pull for cars of 
the same transmission and rear-axle efficiencies, providing the engine 
efficiencies are equal. Considered as formulas for acceleration or 
hill-climbing ability, practically the same difficulties appear as with 
(1). The constants in these formulas are the result of a number of 
assumptions, which in widely different cars do not hold. The con- 
stant 8 in formula (2), for example, is based on the assumption that 
all engines will develop a torque in pounds at 1-in. radius equivalent 
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to that of their N. A. C. C. horsepower rating, and that the product 
of engine efficiency by transmission efficiency for the average well- 
built car will be about 95 per cent. Even aside from these assump- 
tions, the formulas give merely an approximate estimate for total 
drawbar pull per pound of weight. In no way are speed range, fuel 
economy or riding comfort taken into account. 



2 = 



<P 8 n r M 
10 D 



(Thomas, 1913) (5) 



The so-called Sigma formula differs from the others considered 
in that the factor M (average gasoline consumption, miles per gallon) 
is included. This is determined by complete tests and is evidently a 
proper and reliable factor in performance. The remainder of the 
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formula ((Pen r/D) represents piston displacement per foot the entire 
car is moved; from another viewpoint it represents approximate total 
drawbar pull. Acceleration or hill-climbing ability is in no way pro- 
portional to total drawbar pull, no matter what the weight and the 
drawbar pull necessary to propel the car at any given speed. The 
difficulties encountered with this part of formula (5) are therefore 
as serious as, and even more so than, those for formula (1). Only 
in cars with the same engine, transmission and rear-axle efficiencies 
will a formula based on engine dimensions, gear ratio and wheel 
diameter give a reliable approximation for total drawbar pull. Total 
drawbar pull is not in general a measure of the acceleration or hill- 
climbing abilities of the foregoing cars. No account is taken of 
speed range in this formula. The curve in Fig. 6 was obtained by 
plotting the values of Sigma for a six-cylinder car, bore and stroke 
5 by 7 in., gear ratio 2.88 to 1, wheel diameter 38 in., estimated total 
weight 5900 lb. 

Ability = % (Brush, 1916) (6) 

W 

This formula, which represents excess drawbar pull per pound of 
weight, gives an accurate measure of hill-climbing ability and an ap- 
proximate measure of acceleration. It has been proposed that the 
excess drawbar pull at any speed be determined directly by test upon 
a level course or speedway, a special dynamometer car to be attached 
to the rear of the car under test and the speed controlled by brakes 
on the special car. If such a special dynamometer car can be devised, 
and if the dynamometer under the conditions of high speed incident 
to such tests would give substantially steady and accurate readings, 
this method would be direct and acceptable for the determination of 
that one item, excess drawbar pull, which in automobile performance 
is evidenced by hill-climbing ability, acceleration or by both. As a com- 
plete automobile performance or ability factor, this formula takes no 
account of fuel economy or of speed range. It is suggested that the 
value of (6) be multiplied by E and then by 5, for the complete 
factor. If the proposed tests of the drawbar pull can be successfully 
carried out, this complete factor would seem to be satisfactory. 

AUTHOR'S CONCLUSION 

The matter of automobile performance is not new. Much has been 
written and argued thereon. The demand is world-wide for a stand- 
ard interpretation for performance and a method of determining it. 
Numerous formulas have been proposed. In most cases these are 
efficiency formulas, designed for estimating from certain known dimen- 
sions ih^ probable performance or performances factors. In no case 
are all those factors included that seem critical in performance; in 
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several cases serious inaccuracies can be pointed out when their appli- 
cation to actual road performance is attempted. 

Automobile performance should be determined by actual tests. 
Speed range, acceleration, fuel economy and riding comfort are 
proper and sufficient factors for such determination. The first three 
of these factors are susceptible of measurement by accurate scientific 
tests. An accurate and scientific performance factor would result 
from the following combination of the results of such tests: 
Automobile Performance Factor = SAE 

At best the problem of what to do about the performances of auto- 
mobiles is a difficult one, worthy of careful and cooperative effort. 
In closing I can agree with each of two men to whom the question of 
automobile performance was broached. One was a chief engineer, ex- 
perienced and conservative. "Why, man," he said, "it is almost as 
hard to tell what you mean by first-class ability in an automobile as 
it is to design one that will have it." The other was an old negro 
farmer, prosperous enough to have replaced his mule with a modem- 
self-starting automobile. "Poor-formance," he drawled, when 
approached on the subject, "she am jest as pesky as ma ole mule, an' 
thar's faah more things to get out ob disorder." 



DISCUSSION 

Acting Chairman Cornelius T. Myers: — Professor Fishleigh has 
accurately analyzed performance formulas given by others, although 
so far as those given by Mr. Thomas, Mr. Roebuck and myself are 
concerned, there is no attempt to recommend them as measurements 
of efficiency. They indicate a probable result and are used as methods 
of comparison and in making new designs. 

I believe that the factor of speed range is open to argument — par- 
ticularly as to whether it should be included in the manner recom- 
mended by Professor Fishleigh. Take two cars with speed ranges of 
10 to 40 and 5 to 65 m.p.h. According to Professor Fishleigh, the 
performance of the second (60) would be twice that of the first (30). 
Looking at this from another viewpoint the 40 is four times^ the lower 
speed limit, whereas the other (65) is thirteen times the lower limit. 
One is over three times as great as the other. It is just as logical to 
look at it in the way I have proposed as in any other, because as the 
speed is decreased the difficulty in obtaining satisfactory operation is 
increased. If the speed rginge is an essential factor, which should be 
considered yi .direct proportion, the fatip of the high to low speeds 
should certainly be used, ' .' . ^ 

K. W. ^iMMERSCHi^b:— A high tribute Js' due Professor Fishleigh 
for his analysis of Jhis questM)n. We must^a^n^i^e lum for proposing 
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SO simple a solution, because he knows how diverse and fixed are the 
views of engineers in this connection ; he therefore must have expected 
to stir up a violent discussion. 

He has given, for two cars, the multiplication of three items 
and by inference, at least, the product of those items is called the 
performance factor, for a certain car. We might take another case: 
60 X 4.2 X 10 gives a product of 2520; and for another car 
50 X 2.5 X 20, which would not be unreasonable, gives a product of 
2500. The products are practically the same for the two cars, indicat- 
ing that they would give equal performances, whereas we know that 
the i)erformance of the two is vastly different, one having only an 
acceleration of 2.5, and the other 4.2 ft. per second per second. I be- 
lieve the product of these items should not be considered at all. 

I propose that, instead of considering a product at all, we con- 
sider only the separate enumeration of the items. Taking the case 
of the first car cited, we would say that it has an ability of 60 X 
4.2 X 10. But even now we have not obtained the final answer, be- 
cause the 60 might be the difference between any two figures, so that 
it does not indicate specifically where the speed range lies. The 4.4 
is acceleration in feet per second per second, a unit that the ordinary 
man does not understand and that many engineers fail to appreciate. 
The 10 indicates miles per gallon over the whole range, which is a 
difiicult value to obtain. 

Let us use specific expressions for these items, in terms that all 
can understand. Instead of 60, let us say 5 to 65; these are the ac- 
tual limits of the speed range of the car. Let us quote acceleration by 
giving the lowest operating speed followed by the speed in miles per 
hour to which the car will accelerate in say 10 seconds, thus : 5 — 30. 
I would quote fuel consumption at average city driving speed and at 
average touring speed; say in miles per gallon at 15 and at 30 miles 
per hour, thus: 12 — 10. The whole expression for the items 5, A 
and E therefore becomes 5 -— 65 X 5 — 30 X 12 ■— 10. 

We might consider these to be the three dimensions of car per- 
formance. Professor Fishleigh has also added the item C, which we 
will have to treat as the elusive fourth dimension, indeterminate, in- 
tangible and inconceivable. 

FORMULA SHOULD BE UNDERSTOOD BY USERS 

A. P. Brush: — If the Society adopts a standard for car perform- 
ance that will enable the manufacturer to tell Mr. and Mrs. Average 
User what the performance value of his car is, accurately and under- 
standably, the Society will have contributed to the industry that 
it represents. If, on the other hand, it recommends a car-performance 
formula that is not understandable, that is not exact, and that can be 
either intentionally or inadvertently used to deceive Mr. and Mrs. 
Average User, then the Society will not have done itself credit. 
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I believe that there are a great many objections to the method pro- 
posed for the expression of car performance. Take, for example, 
the question pf fuel consumption, or, as expressed, of miles of travel 
per gallon of fuel. Is that a factor of car performance? It really 
is the cost, in fuel, of securing that car performance which that par- 
ticular car gives. The first cost of the car and the cost of its main- 
tenance are also factors in determining the cost of securing that 
grade of performance which that car is capable of giving; therefore, 
first cost and repairs, garage charges and all that go to make up 
maintenance are just as properly factors of car performance as is 
fuel economy. 

Take the question of speed range, — and bear in mind that this is 
for Mr. and Mrs. Average User; let us take a hypothetical range, 4 
to 60 m.p.h. That range will please Mr. and Mrs. Average User; but 
with the method proposed, to take an extreme example, a car with a 
speed range of from 44 to 100 m.p.h. has the same value. I wonder 
how Mrs. Conservative Driver would feel if she bought a car that 
showed up well on a statement of values as expressed by this formula, 
but found that 44 m.p.h. was as slow as she could run it on high gear. 
Mr. Myers' suggested modification is open to the same exception, in a 
lesser degree. He says, take the ratio of high to low speed; then 10 
to 40 has the same value as 20 to 80 m.p.h. The average automobile 
driver would hardly be satisfied with a car that would not run less 
than 20 m.p.h. on high gear. We are producing high-speed engines, 
multicylinder engines, in order to give the user cars that will travel 
not only at a satisfactory high rate of speed, but also will come 
down to a satisfactory low rate of speed. Of the two, the low rate of 
speed is of most importance to the average user all the time; it is of 
most importance to the exceptional user most of the time. If speed 
range is to be a factor in car performance, some differential value 
should be given it. 

TESTING WITH DYNAMOMETER 

The dynamometer has long been used for testing. Prof. Fishleigh, 
in his paper, says that it takes no account of fuel economy or of speed 
range. On the contrary, I believe that the dynamometer makes 
possible the taking of exact account of speed range and fuel economy, 
in a way that the proposed method does not and cannot do. Prof. 
Fishleigh mentions the lowest speed at which the engine will operate 
smoothly. Does he mean the lowest speed at which the engine will 
operate smoothly, carrying 1 or 100 per cent of its load? I think 
we must call the lowest speed at which the car will perform that 
minimum speed at which the engine will perform smoothly with the 
throttle wide open. A car can, under light load, on a level road, roll 
along smoothly at 2 or 3 m.p.h.; but on a hill or a heavy road its 
performance can be intolerable at those speeds. 

With the dynamometer it is possible to determine fuel consumption 
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under as many conditions of load as desired, below the maximum and 
at the maximum. If fuel economy is to be considered at all, the 
public is entitled to know the fuel consumption when the car is 
doing all it can. Therefore we need a method of determining how 
much fuel it will take to produce the maximum results. 

It is also only fair to the car to make at least one other fuel 
economy determination, which the dynamometer method makes 
practicable. The Dp/W value expresses directly the size value of that 
hill which the car can climb, or which it is climbing during the test. 
We can therefore assume the average driving conditions are equivalent 
to let us say a 1, 2 or 3 per cent grade, and make fuel economy tests 
at as many speeds as we please; we will then have a reasonable 
indication of what mileage that car will give at the various speeds, 
driving under average road conditions. 

I must take exception to one other thing in this proposed method 
of Prof. Fishleigh's; that is the giving of a value to averages. Take 
any of the acceleration curves and assume that the curve be reversed. 
The high acceleration being at the high speeds, and the low accelera- 
tion at low speeds, that car will not do as satisfactory work, or be as 
satisfactory to the average driver as the car with a higher accelera- 
tion at low speeds, and lower acceleration at high speeds; yet the 
average is the same, although the performance will be, to say the 
least, startlingly different. 

Acting Chairman Myers: — I believ'e that in the discussion we 
need not consider that this formula must be suitable for the use of 
Mr. and Mrs. Average User. If we can develop a formula that can 
be used by everybody, so much the better; still, we are not at all 
obligated to develop such a formula. We must develop the right 
formula, and the one that will serve the engineers the best; they 
are building these cars and will be held accountable for them. We 
want to be able to check results, and we want to be able to show those 
to whom we sell these cars that there is a comparative value, but 
in developing a thing^ of this sort we should not compromise it in any 
form simply to make it understandable, or possibly more under- 
standable, to the average automobile user. 

REASON FOR FINDING PERFORMANCE 

J. B. Replogle:— What will be done with this formula? What is 
its purpose? It seems to me that these questions will have to be 
answered first. Is the acceleration or hill-climbing ability of a car, 
and nothing else, to be labeled car performance, so that we can hand 
it over to the selling department to talk to Mr. and Mrs. Average 
User about under a different name that he will not understand; or 
are we going to develop something that will represent car perform- 
ance and that will mean something besides hill-climbing or accelera- 
tion? The whole question seems to come down to a matter of definition 
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and units. The solution of the whole problem is: First, make a de- 
cision as to what is to be done with the formula; then select units 
that any one can apply rationally. 

If I buy a car, I am buying the one thing that I can buy with 
money, and that is experience. If my car performance shows me 
what I will get in the way of experience for my money, then the 
item C (riding comfort) will have to be taken into consideration, 
because I am interested not only in the acceleration or hill-climbing 
value, the speed range and the fuel economy, but also to know whether 
somebody will hear me coming when I am a half mile away; whether 
I will have my toes tickled so that I must stop and scratch them if 
I run over 30 m.p.h. It will be necessary to assume certain values 
for noise, for vibration and for endurance of the car, however arbi- 
trary and empirical these units may be. 

W. B. Stout: — I think that it would not be proper for the 
Society to settle on a formula based entirely on the factors (S A E) 
mentioned, when the C factor is possibly the most important of all, 
even if it is more or less indeterminate. There are so many factors 
in a car that are psychological — ^that give what we call impression. 
Nothing in the formula as proposed shows the outsider the difference 
between one make of car and another, such as he would get when he 
saw the car or rode in it. The factors named would give a certain 
figure, but the public, knowing that this Society represents sup- 
posedly the best brains in the industry, would be likely, if we said 
that the car that has the highest figure is the best car, or even 
implied it, to take the formula as a cure-all, to the detriment of 
cars that have more of value than just these three factors. 

MODIFIED PERFORMANCE FORMULA 

C. C. Hinkley: — These cars are certainly designed around a 
formula. I do not see why we cannot have this formula for design 
involved in the formulas that we give the public as actually demon- 
strating what the cars shall do. Some time ago the Franklin Com- 
pany brought out a formula that shows a great many things. I 
have modified it, and I will give you my modification. Divide the 
product of displacement in cubic inches and gear ratio by the weight 
times the wheel diameter. Now, if it is desired to introduce other 
factors, let us set a standard test of from 5 to 50 m.p.h. Any car 
ought to do that say in time t. Then 

Ability = 



WtXWDXt 



The quicker the acceleration from 5 to 50, the greater the ability. 
I have designed model after model on that formula, and it actually 
works. Any car performance can be duplicated by its application. 

V. R. Heftler: — I agree with Mr. Zimmerschied, who wants to 
use three different factors. In buying an electric motor or trans- 
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former we know the size and kind of transformer and then decide 
on it from a set of efficiency curves, power factor curve, etc. Why 
not take just a step further than Mr. Zimmerschied proposes, and 
give similar curves for the car performance? They may not be un- 
derstandable to the general public, but that might not be, a great 
objection. 

I believe that the economy test, which is outlined in the paper, 
should embody some way of showing the physical condition of the car. 
If a car is limbered up well, all the bearings are loose, everything 
free, and the oil not too thick, the rolling resistance is much smaller 
than the rolling resistance of a stock car, if there is any such thing. 
The difference is shown at once by the fuel economy. How will 
that fuel economy be determined, unless it includes the value of 
the rolling resistance of the car, which could be checked afterward 
on a car that does not give good economy. If the formula for per- 
formance does not need to be understood by the public I recommend 
the use of one of the formulas already available; I believe they can 
easily be made understandable. They are all based on measure- 
ments — ^not measurements of performance or acceleration, but on 
measurements of length, bore, diameter, strength, gear ratio and 
weight. 

It is almost impossible to devise a formula for car performance. 
In such a formula we would have car performance expressed as a 
function of various variables, which can be geometrical quantities or 
quantities determined by experiments conducted under certain rules; 
if the values thus found are substituted for the variables in this hypo- 
thetical formula, the result is a number which cannot but be absolutely 
meaningless and useless as a guide for the public. 

It is about as difficult to advise regarding the purchase of an auto- 
mobile as regarding the purchase of stocks. The financial papers 
say that in stocks there are the factors — safety, income, market- 
ability; according to the buyer's position, and what he wants to do 
with his money, he gives the preference to safety, income or market- 
ability. The same thing is true of performance; according to what 
is desired of the car, preference is given range of speed, economy, 
weight or comfort. 

LOW RANGE OF SPEED 

E. Planche: — In order to be more precise I suggest that we make 
the automobile-performance formula equal SAE/L, in which L will be 
the lowest speed that can be maintained on high gear, with the car 
running smoothly. 

I have been making some tests on cars to determine the relative 
value of different types of carbureters. All my tests have been made 
along the lines of speed range, acceleration, and economy of fuel. The 
only variation I had from Professor Fishleigh's methods was to make 
the economy test on the same road both ways, to take care of the wind 
factor and to make ten to twelve tests to strike a good average. 
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It would also be well to state whether the top is up or down, 
whether the windshield is closed or partly open. In comparing the 
performance of different cars, the road conditions and the atmospheric 
conditions should be the same, for the friction between wheels and the 
ground decreases in wet weather. 

O. E. Hunt: — I certainly sympathize with Mr. Replogle in his 
question, as to what we are after, and what we are going to do with 
it when we get it. We can agree that car value is made up of such 
factors as reliability, style or appearance, comfort and performance. 
The sum total of these things represents value to the ultimate con- 
sumer. The discussion has ranged pretty well over the subject of car 
value, instead of being confined to car performance, which Professor 
Fishleigh has defined as being limited to speed range, acceleration, 
economy and riding comfort. Some exceptions have been taken to his 
definition. It seems to me that we, as engineers, in endeavoring to 
establish a measure of performance, are interested in characteristics 
that can be scientifically measured. I believe that the proper definition 
to give a performance factor expressing total car value is to say that 
such items of car performance as are important to the average owner 
and are capable of accurate scientific determination and mathematical 
expression should be included in it. 

Our consideration of speed range must be limited to the speed 
ranges that will interest the public. It is not difficult to set the 
lower end of that range, because the average user would like to have 
his car go about zero miles a minute, sometimes, in traffic, without 
shifting gears. The high-speed end of the scale, that is, the high- 
speed limit, is determined for us by American road conditions. It is 
safe to assume that the average will not exceed 60 m.p.h. It might 
be well to make it lower, but suppose we take that as a basis. A half 
a dozen cars will do 60 miles all right, but they have different low- 
speed characteristics. Let us assume that one will do 6, one 4 and 
one 2 m.p.h. The fair way would be to divide this high-speed charac- 
teristic, or the high speed that the public is interested in, by the lowest 
satisfactory low-speed performance of the car, and let that stand for 
the first element in the performance factor. There does not seem 
to be much question about the desirability of including acceleration 
measured by some standard method and the economy factor as well. 
It would be well if we can establish a performance formula that will 
be useful to engineers, based on tests that can be duplicated, if neces- 
sary, by the average user who wants to compare the performance of 
the cars that are offered to him. 

PROPER PERFORMANCE FACTORS 

C. C. Hinkley: — ^We ought to reduce performance to mathematics. 
In the formula that I gave, the performance varies directly with the 
piston displacement. The performance will increase with the dis- 
placement and as the gear ratio is reduced. It will vary with the 
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weight; it will decrease as the weight is increased. It will decrease 
as the wheel diameter is increased. By taking a combination of the 
product of the first two factors and dividing it by the product of the 
second two, a result will be obtained that shows just what the engine 
will do in connection with the car. The weight factor ought to be 
based on the car weight plus the passenger load, which, in my work, 
is about 3600 lb. Let us set an arbitrary speed range of 5 to 50 
m.p.h., the latter being about all that American road conditions will 
stand. Under no circumstances should the limit be set above 50 
m.p.h., as I believe that is about the safe maximum driving speed 
we can guarantee under these conditions. Take a factor of 5 to 50 
m.p.h. and a time limit in that speed range of 30 sec, or 25 sec. 
It is easy to divide performance results by time in seconds, and put 
it in black and white, and reproduce any performance. 

ENGINE POWER VARIATION 

A Member: — In the past five years engines have varied in maxi- 
mum power from 0.11 to 0.22 hp. per cu. in. of displacement; and 
from 0.4 to 0.7 ft. lb. torque per cu. in., so we can hardly use dis- 
placement in the matter of performance. 

C. C. Hinkley: — Modern motor-car design, so far as efficiency 
goes, has not varied much lately. A well-designed L-head engine 
will give 0.19 to 0.22 hp. per cu. in. of piston displacement.. A 
valve-in-the-head engine of good design, from 0.22 to 0.27 hp. per 
cu. in., so that the difference in power performance must be one of the 
factors left for the sales department. If we should accept 0.22 hp. 
per cu. in., the formula that I have suggested will give fairly close to 
the desired results. 

J. B. Replogle: — Mr. Hinkley's formula can be used as an ex- 
pression of acceleration efficiency. That is, the displacement multi- 
plied by gear ratio, and divided by wheel diameter times weight, is 
an expression of what the machine should do in the way of accelera- 
tion. That result divided into what the machine actually does in the 
way of acceleraton gives acceleration efficiency. If acceleration effi- 
ciency is what is wanted in car performance, the formula is satisfac- 
tory. After all, it is a question of what we desire to know about car 
performance. Is it economy, or range of speed, or what? If the 
Society wishes to state that car performance shall be synonymous 
with acceleration efficiency, then I agree with Mr. Hinkley. But if 
car performance is to include all the desirable factors, then we must 
apply arbitrary values, if necessary, to all the things that go to satisfy 
the person who is driving the car, so that he gets his money's worth 
in pleasure. 

judging from many standpoints 

C. Roy Watson: — I think the public is interested in actual per- 
formance of the car from broad standpoints, perhaps from fifty differ- 
ent considerations. If we take an article to a fair or exposition, 
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expert and impartial judges look at it from many standpoints and 
draw conclusions. All these factors given in the designer's formula 
can be considered in the judging and comparative conclusions drawn. 
We can put those conclusions together, let each represent a certain 
percentage, and add them. One car will be better than another, in 
some details, which will be assigned a certain percentage. The best 
car will be awarded a gold medal, the next best perhaps a silver 
medal, and so on down the line. I think such a method of estimating 
car performance would be the best way of doing it for the benefit of 
the public. 

Formulas given on the basis of measurements are misleading in 
actual value. Two engines and cars of the same weight and measure- 
ments may give entirely different results on the road. One very 
potent point in Professor Fishleigh's ideas should not be overlooked. 
He mentions at length the personal factors, and other things to be 
considered in making the tests on the road. Let us adhere to actual 
performance. Do not try to give the public measurements and 
formulas; give them actual performance in terms that they can 
understand. 

Acting Chairman Myers: — We can elaborate this performance 
formula but even then we have no assurance that the public will 
adopt it. What the paper has placed before us is a commendable 
suggestion, one that, so far as two of its factors are concerned, is 
understandable by the public. The minute however we consider any- 
thing that cannot be applied mathematically we shall get into trouble. 

The two factors, acceleration and economy of fuel, are determin- 
able. I believe that both of them should be given. The minute we 
multiply acceleration by economy and divide that by the diameter 
of the tire the result obtained is not easily understood and it can be 
warped. 

The application to acceleration of the formula suggested by Mr. 
Hinkley is a simple matter. It was used as a design formula but there 
is no reason why it could not be used as a formula for actual com- 
parison. All that is necessary is to take the actual dimensions, multi- 
ply them together and obtain a theoretical result, then by the use of 
an accelerometer, or of a stop-watch and correct measuring device, 
the actual performance of the car is obtained. The latter divided by 
the former gives a result proportional to the theoretical efficiency. 

SCIENTIFIC METHODS NEEDED 

A. P. Brush: — A car-performance formula should serve a purpose 
similar to the interstate-commerce law, that requires a sealed package 
shall bear a guarantee of its net weight. That one package guaran- 
tees more net weight than another is no reason why one should change 
his desire for pickles and buy peaches. The average buyer of a car 
can determine many of the things that appeal to him about the car, 



Digitized by 



GooQle 



278 THE SOCIETY OP AUTOMOTIVE ENGINEERS 

from the exercise of his five senses. As Mr. Stout pointed out, the 
senses of the average man and of the engineer can be deceived readily 
about certain things in performance. It is essential that those char- 
acteristics that cannot be perceived accurately by our senses unassisted 
should be measured accurately, if we are to know what we have ir 
the car. 

Certain formulas mentioned are excellent for the designer who 
has started to lay down a car; but when he has done that, and built 
the car, we want to know whether we have what we started out to 
have. Further than that, when the car is put into production, as engi- 
neers we need some method of determining whether the manufacturer 
is duplicating the results that the design was intended to secure; for 
that reason we need a scientific method of measuring those charac- 
teristics of car performance that cannot be perceived readily by the 
senses. 

E. V. Rippingillb: — I appreciate that engineers should have some 
method of comparing car against car, but I really do not see how a 
formula can be evolved that will give a result really meaning anything. 
We must consider each factor individually, because cars are built and 
marketed on individuality. 

For comparative purposes, no doubt, a formula would have some 
value. But take acceleration, for instance. We talk of the relative 
values of 5 to 65 and 5 to 50 m.p.h.. There is no question but that 
65 m.p.h. is seldom used, but nevertheless acceleration ability over 
such a range means considerable difference in the car performance. 

Another thing that must be considered is, what would happen to 
some of these cars that accelerate from 5 to 65 m.p.h. so quickly, be- 
cause of their low gear-ratio and high engine-speed, if we kept them 
at 65 m.p.h. for a little while? Does not reliability count for more, 
in the public mind, than the extra 5 m.p.h. that makes them unreliable? 
The public appreciates that a car that will go through the greater 
speed range with less danger when maintained at high speed is one 
with a greater factor of safety from the user's standpoint and as 
far as repairs and maintenance are concerned, than a car that will go 
through a similar range with less reliability. Performance of any 
kind, whether it is acceleration, comfort, economy or anything else, 
must be really constant to be of any value. Spontaneous performance 
does not lead to any good results. Professor Fishleigh's formula tends 
to place a value upon spontaneous performance, and does not suffi- 
ciently include the most vital factor — reliability. 

I do not know how to express car performance. I rather pride 
myself on being a judge of automobiles, yet all I can tell of them is 
based on personal opinion. Reliability, safety, ease of control count 
for more, in my opinion, than a few miles of speed and a little 
greater range of accelerative ability, and I think the public feels that 
way about it. 
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author's closure 

Prof. W. T. Fishleigh: — My proposal, which I think is fairly 
generally agreed to, is first, that acceleration has something to do 
with performance. Fuel economy is important in car performance, 
when it is considered as an efficiency factor. Fuel economy is different 
from garage expense in that it is a measure of the work done with 
so much gasoline in a certain design of car, and is dependent upon 
efficiencies of engine, transmission, rear axle and tires. Other things 
being equal, if one car travels 20 miles on a gallon, and another 
18 miles, the one is certainly, from the engineer's standpoint and the 
standpoint of the public, a car of better efficiency or better per- 
formance. I started out with a formula with low speed as one of the 
factors. But after I talked with half a dozen friends I decided that 
I had over-emphasized low speed, so I simply used the speed range. 
The product of the three factors (SAE) does not in itself mean any- 
thing. My proposal is simply this : Measure acceleration, fuel economy 
and speed range on the road. Do not estimate them. Estimates are 
all right in the engineering department to anticipate performance as 
well as may be when a car is being designed. Then anyone can look at 
the three factors and can make a definite estimate of performance as 
he values it. I do not believe there is much to be gained in multiplying 
the factors together, but I believe we agree that those three factors 
are important. I submit that judgment of performance can be based 
on these three. 

If we have psychological purchasers or psychological engineers who 
wish to buy a car on account of the name of the maker, let them buy 
it. They do not want to study performance as such. If a man buys 
a car because of its name, just as he might buy a piano, purely for 
the name and regardless of price, quality or performance, what does 
he want with the performance factor or with performance figures? 
Nothing at all. I have advocated, not the taking of average figures, 
but always the giving of complete curves. The complete curves give 
the whole story. 

I included appearance and reliability in that comfort factor. 
If a man comes into the sales department and asserts that the matter 
of comfort, or the factors contained in the comfort factor, are 
more important than acceleration and fuel economy, seU him a car 
from the standpoint of the comfort factor alone, but do not tell 
us that the performance factor is wrong. 
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CHASSIS LUBRICATION 

By Roland Chilton 

(Member of the Society) 

At its inception the automobile was regarded as a horseless car- 
riage, the horse being replaced by a mechanical prime mover and 
transmission gear. Engineering attention has naturally been mostly 
concentrated on these last units, as they represent the radical develop- 
ment involved in the automobile, the vehicular parts of which were 
already established by the coach-builders, whose traditions they have 
not yet wholly escaped. 

As the weight and running speeds increased, the necessity for 
inclosing and providing continuous lubrication for the engine and 
transmission parts has been recognized and acted upon. In the case 
of the chassis parts however this development has been much slower, 
which is largely due to the fact that while an automobile with a seizure 
in the engine or transmission will not operate at all, yet it will and 
often does run with most of the spring joints and other chassis parts 
rusted or worn loose, with the familiar squeaks and rattles, harshness 
in the suspension and stiffness in the steering. A great deal of the 
labor necessary to maintain the average automobile in running order 
is that expended in the endeavor to keep the chassis parts lubricated 
by way of the conventional grease-cups and oil-holes. The elimination 
of the necessity for this very dirty job provides a powerful sales argu- 
ment, and hence the interest which the subject has aroused. 

CAU^S OF WEAR 

Adequate provision for the lubrication of a bearing is quite useless 
unless the entrance of dirt and water is prevented. With a liberal 
supply of road grit in a bearing (the usual condition of most chassis 
parts at present) its destruction is rather facilitated than otherwise by 
the presence of a lubricant. Water causes rusting of steel surfaces, 
which aggravates wear, often causes complete seizure of a plain bear- 
ing, and will ultimately entirely destroy a ball bearing. Thus the pro- 
tection from the bombardment of mud and water to which most 
chassis parts are subjected is of paramount importance in the case of 
lubricated bearings. 

Another source of wear which no amount of lubrication can pre- 
vent is that arising from the impact on a joint due to vibration of the 
parts it connects. Brake rods and steering joints suffer greatly in this 
respect, because the long rods which they support are apt to develop 
periodic vibrations, which often have the effect of literally pounding 
away the pins and bushings. To make the joints large enough to 
stand this punishment usually involves too bulky a job. A more 
scientific solution is to impose an initial load between the joint sur- 
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faces by means of a spring strong enough to prevent the surfaces 
separating under vibration, and so prevent the development of impact 
loads. When this is done in a ball-type steering-joint, for example, 
a small bearing surface will give good service, when a comparatively 
large surface in the "free" type of joint will rapidly pound away. 

Mal-alignment in bearings is another source of wear outside the 
province of lubrication. For example: the pin joint at the axle end 
of a cantilever spring can be pulled several degrees out of alignment 
when one wheel is lifted, and the action of the spring draws that side 
of the axle forward or back. In such cases, and when chassis or other 
deflection can throw the bearings out of line, a self-aligning feature 
must be utilized or no amount of lubrication will avoid the binding 
and wear of the parts. 

OILLESS OR IMPREGNATED BEARINGS 

Metal surfaces subject to continued sliding contact under pressure, 
will abrade when dry, but it appears that this is not the case when the 
surfaces are of metal bearing on suitably prepared asbestos, wood, 
graphite, leather, paper, cotton fabric, fiber, celluloid, camel hair, 
mica, soapstone, jewels, and other non-metallic substances. These ma- 
terials are being used for bearings in various mechanisms where oil 
is not permissible or difficult to provide for, and oilless or impregnated 
bushings using one of the first three materials are already in com- 
mercial use in the automobile industry. For cases when it is essential 
to have the least possible friction, or when high speeds would result 
in excessive heat, such bushings are out of the question, but this 
does not affect their usefulness in most of the bearings of the chassis 
mechanism of an automobile. Such bushings have already been used 
with success in spring eyes, for brake shaft bearings, clutch pilot or 
thimble bearings, clutch draw collars, gearshift shafts, steering shafts 
and cooling fans. 

Spring inserts have been developed to meet the special case of 
sliding contact occurring in laminated springs. Engineers are not 
agreed as to the amount of friction desirable here, but all concede that 
this friction should remain constant throughout the life of the spring. 
The enormous increase in friction, which is caused by rust and which 
results when the ordinary springs are not kept continuously greased, 
is a well known cause of the harshness in suspension of many cars. 

Possibly the severest case of sliding friction under load that occurs 
in automobile practice is that of the clutch. Considering the extraordi- 
nary durability of the bonded asbestos materials when used against 
hard steel plates for this very severe duty, the author expects to see 
great developments in the use of asbestos compounds for bushings. 
There are numerous examples of single-plate clutches using this mate- 
rial where the wear after continual service can scarcely be measured, 
the effects of the sliding being merely to put a glass-like polish on 
the surface of the hard steel and the asbestos fabric. 
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Data as to the bearing pressure that can be safely used on the 
various types of oilless bushings are not yet complete, but their ap- 
plication as spring-eye bushings working on the standard-size pins is 
already reported to be successful. Intermittent reciprocating move- 
ment often causes difficulties in lubricated bearings, probably because 
the oil gets squeezed out when the parts are at rest, and the slight 
subsequent movements are insufficient to draw a film in between the 
surfaces again. Oilless bushings do not appear to suffer from this 
disability, nor are they so susceptible to the effects of dirt as are oiled 
metallic bearings. The bonded asbestos bushings, being more yielding 
than the metallic ones, do not have their surfaces pounded away so 
readily under the shocks due to the vibration, provided they are backed 
up by suitable containers to prevent the material spreading. Such 
bushings also appear to be free from any tendency to set up "squeaks." 

The so-called chassis lubrication problem can be further avoided 
in the case of reciprocating movements by employing a flexible member 
that VTill permit the necessary movement without sliding contact. An 
automobile road spring is an example where such a member is used 
to guide an axle through several inches of travel, a function for which 
axle-box guides are used in railway rolling stock. An extremely diffi- 
cult lubrication problem is here avoided in the case of the automobile. 
The flexible type of universal joint affords a further example. Ball 
bearings also carry out this idea, as with proper lubricant retainers 
and adequate capacity in the housing these will run for long periods 
without attention. This explains their use in many cases where their 
low frictional characteristics are of little benefit. 

MAIN SOLUTIONS OF LUBRICATION PROBLEMS 

There are thus two main lines along which the problem under dis- 
cussion can be tackled: either we can work in the direction of auto- 
matic lubrication with metallic bearings, or we can develop the vari- 
ous oilless types of contruction. In each case our object is to increase 
the durability of the bearings, and to render them as independent as 
possible of the attention required for lubrication, adjustment and re- 
placement. 

Referring now to the "lubrication" method of obtaining these ob- 
jects, we find that the first steps were made by substituting for the 
conventional grease cup a reservoir of large capacity, and arranging 
for oil contained in this to be slowly fed to the bearings. Steering-rod 
joints can be conveniently served by this method, the steering tubes 
being filled with oil and communicating vdth the surface of the steer- 
ing ball by way of a hole. In order to minimize the rate at which oil 
is passed, the joint must be so designed that there is always a pressure 
between the surfaces at the point where this feed hole is drilled. The 
sliding of the surfaces as the joint works is relied upon to draw in 
sufficient oil to maintain a film, while the surging of the oil in the 
tube insures that it reaches the joints at either end. One reservoir 
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can of course feed a large number of points, but in order to decrease 
the oil consumption the feed hole must always be drilled on the loaded 
side of the bearing, when adequate lubrication during many months 
of running can be obtained through one filling of the reservoir. 

The necessity for this last operation can be avoided by coupling 
the parts concerned to the engine lubrication system in such a way 
that the driver can occasionally pass a small quantity of oil by open- 
ing a valve normally held closed by a spring. This method has al- 
ready been used to replenish the steering box and to supply oil to the 
torque-rod head and other points. To obtain complete automaticity, 
together with low oil consumption, the problem to be solved is that 
of positively delivering minute quantities of oil to the various parts. 
One method of doing this is to convey to the rest of the chassis parts 
thOi^weepage" from one or more of the principal bearings, that are 
fed directly from the engine lubrication system. If the oil lead in these 
metering bearings is taken to a point that is always under load, oil will 
only weep through when the bearing moves, and the quantity can be 
regulated by adjusting the distance along which the oil has to creep 
between the bearing surfaces. 

USE OF SURPLUS OIL 

In the interests of economy it will be possible in some designs to 
arrange the lubrication of parts in series, the surplus oil from one 
point being conveyed to the next, and further, any surplus at the end 
of the system can be drained into the back-axle or gear-box casings. 

An alternative system would be one in which the oil was positively 
circulated through the various bearings and returned to the engine 
pump. This however involves extremely efficient oil retainers at every 
point. As a further alternative a small plunger pump operated by a 
trip gear through a large reduction train — such as that employed in 
a mileage recorder— could be utilized to positively deliver oil, say once 
every 50,000 engine revolutions. A pressure drip-feed might also be 
employed, but no system involving the flow of oil through long pipes 
by gravity is permissible, a positive feed being essential to prevent 
stoppage. 

The fact that most drivers will not fill grease cups continually and 
the frequent renewals necessary with unprotected metallic bearings 
have naturally been forcibly impressed upon garage and repair men, 
and the impulse for improvement has come largely from them. The 
first extensive scheme for overcoming these defects by the lubrication 
method was the conception of J. B. Ferguson of Belfast, Ireland, with 
whom the author was associated in the design of a car to embody this 
feature. 

FERGUS LUBRICATION SYSTEM 

The particular methods employed in this car are here briefly de- 
scribed by way of exemplifying the problems involved in the lubrica- 
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tion of the various chassis parts. In general this chassis was designed 
throughout to facilitate and simplify the inclosure and lubrication of 
the working surfaces. In cases where the conventional construction 
did not lend itself to these objects, alternative constructions were de- 
veloped that could be rendered oil-tight in a simple manner. 

The basis of this system is an oil circulation pipe that runs from 
the engine oil-pump and delivers freely to the oil sump. This pipe 
connects to the hollow trunnion pins at the center of the four canti- 
lever springs of the car. This is the only oil line in the entire system, 
and the oil pressure at the spring fulcrum pins is merely that due to 
the resistance the line offers to the flow of oil. This pressure is deter- 
mined by the relative size of the pipe line and of the delivery hole from 
the pump. It should be noted however that in the event of a tendency 
to stoppage in this pipe the full pump pressure is available to clear 
the obstruction. An oil hole is drilled through the bottom wall of each 
of these spring fulcrum pins, that is, at the point where the load on 
the chassis always exerts a pressure between the bearing bushing 
and the pin. 

The minute quantity of oil that weeps through between the pin 
and bushing under the influence of sliding action is used to lubricate 
all the rest of the chassis parts. In order to lubricate the bearings 
at each end of the springs, this oil is led through grooves between the 
spring leaves and from there to the other working parts. Thus, from 
the rear end of the front spring the pedal bearings are oiled. From 
the front end of the front spring the front-axle radius-rod joints are 
supplied. From the front end of the rear spring the brake cross-shaft 
bearings receive their supply, and any surplus oil from the rear end 
of the rear springs serves the brake camshaft bearings. All the spring 
joint housings are provided with lips, around which the ends of leather 
gaiters that inclose the springs are clipped. The spring joint housings 
are so designed that the working parts are entirely inclosed when the 
gaiters are in position. 

STEERING TUBES ARE GREASE RESERVOIRS 

The front hub has a large grease-capacity and is connected with 
the grease space in the ball-bearing steering-knuckle, so that one filling 
serves both parts, which have grease retainers designed to look after 
the effects of centrifugal force, gravity and capillary attraction. The 
steering tubes themselves form grease reservoirs; the joints are 
equipped with spring-loaded oil-retainers, and are also hung so that 
gravity tends to keep the oil from being lost. Oil is metered on the 
weepage principle before described. The steering box has a large oil 
capacity and an efficient oil seal at the point where the shaft emerges, 
which remarks also apply to the emergency-brake hand-lever mount- 
ing. The gearshift, foot-brake and accelerator-pedal bearings are all 
mounted on the power unit from which they receive their oil supply. 
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The pedal bosses are held permanently in contact with flanges on the 
shaft bushings by the end pressure of a spring, which prevents oil 
leakage at this point. 

The brake connections are of stranded cable working on segmental 
sheaves on the brake levers, a construction that does away with the 
possibility of rattle and the necessity for oil. The fan is mounted on 
the overhead camshaft, and the electric generator and self-starter are 
inclosed under covers on the engine casing. The universal joint at 
the top of the propeller-shaft is inclosed in the torque-rod head and is 
lubricated by pressure. The torque-rod head is of hemispherical 
sandwich construction, which renders it oil tight; it forms the rear 
cover of the gear box, from which source it receives its lubricant. The 
speedometer driving-gears are inclosed in a case that receives the 
splash from the universal joint. Throughout the chassis all oil pas- 
sages are of large size in order to avoid liability of clogging. 

NO GREASE-CUPS OR OIL-CAN HOLES 

Automatic lubrication has not, owing to the complication involved, 
been applied to every part on this chassis, yet the large reservoirs 
provided in the few cases where manual oiling is still used have a suffi- 
cient capacity for several months' running. There is no grease-cup 
or oil-can hole on the whole car, while the average chassis has any- 
where from thirty to sixty of these requiring repeated attention. As 
in other cars, the engine and rear axle must be kept supplied with oil, 
and should be occasionally flushed out with kerosene. The engine oil- 
filter must be kept clean, and the few oil reservoirs replenished every 
few months. This constitutes the total attention required in the way 
of lubrication. 

The author is aware that the subject here discussed is not one of 
primarily scientific importance ; it is, however, arousing interest at the 
moment, and with a view to stimulating discussion he would express 
himself as looking forward to developments in the '^oilless" bearing 
method of construction as a solution to the problems involved. 

DISCUSSION 

Chairman D. McCall White: — The thimble bearing of the 
clutch-shaft at the end of the crankshaft has been satisfactorily 
lubricated by the use of a small needle-valve in the end of the crank- 
shaft, this being provided with wicking to prevent overflow and 
operated by the clutch-pedal movement. This is used by the Rolls- 
Royce Company and by the Crossley Company in England. It has 
been proved to be absolutely satisfactory in that direction. Every 
time the clutch pedal is pushed out, a little squirt of oil comes through 
and lubricates that particular bearing from the force-feed lubrication 
system of the engine. 

The universal-joint problem, which is a bugbear to us all, has been 
in a measure solved by the use of leather disks or disks made of 
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similar bonded material. These cannot be used behind the transmis- 
sion, when transmission brakes are used, as trouble always occurs. 
The General Omnibus Company of London and the Daimler Company 
of England have been using this construction for some years with 
great satisfaction. At first the leather did not give good results, but 
afterward they used a kind of bonded material called Hardy Ther- 
moid lining. When transmission brakes are used it is an absolute 
impossibility to make those joints stand up, and in high speed work 
the centrifugal force itself is inclined to throw the joints out of line 
and probably will cause vibration. 

Personally I favor inclosing all moving parts practically from the 
engine to the rear axle. Some years ago I patented a pump for the 
rear axle that fed and pumped lubricating oil through the universal- 
joints to the rear end of the transmission. That seemed to work out 
all right, then I thought it was rather complicated, 60 we endeavored 
to use a Hotchkiss drive, with a sliding universal shaft, or rather a 
propeller-shaft between the transmission and rear axle. We had a 
kind of castellation in there, a sliding castellation, at the end of 
which was a small pump plunger. We filled the plunger cylinder full 
of oil, so that every time the axle rose and fell, and shortened the 
distance between the transmission and the rear axle, the propeller- 
shaft pumped oil directly into the universal-joints. 

The Rolls-Royce Company used to employ red-fiber bushings for 
the spring eyes, with satisfactory results. After seeing the Ford rear- 
axle dismantled, and viewing the red-fiber thrust washers therein, I 
must confess to a high appreciation of what red fiber really can resist. 

It is difficult to know what to do with spring shackles. I would 
like to see the springs completely inclosed, but they cannot be very well 
bound up. A proper engineering thing would be to inclose the whole 
spring in an aluminum case, or something like that, but the casing 
seems to be out of the question because it will be so large. The 
lubrication system employed in the Fergus car appears to be com- 
plicated, but I believe that a more simple method can be devised. 

F. H. Floyd: — It is desirable to substitute oils for greases. Oils, 
when they can be applied, are better lubricants than greases. Oils 
however are fluid, except in cold temperatures; consequently they are 
inclined to throw off from the bearings and leave them dry. Largely 
because of the fluidity of oils, greases have been substituted. 

J. Edward Schipper: — The owner has often been accused of being 
neglectful, but the neglect is not always wilful. Many grease cups 
are neglected simply because the owner does not know they arc there. 
He may take his new car to the service station for the first few 
months and after that the grease cups are forgotten, and it is not the 
owner's fault. 

lubrication of joints 

The question of bush joints is a hard one to solve. It is another 
one of the compromises. I know of one case of a car equipped vnth 
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hardened steel pins, with hardened steel bushings, and they still are 
used, but it is necessary to be very, very careful with the lubrication. 
Once the lubrication is right, good results seem to be obtained, with 
the hardened steel pin and hardened steel bushing, but this particular 
car drives through a yoke at the forward end of the torque tube. On 
some of the early product, where the lubrication was not correct, the 
rear axle moved toward the engine an appreciable amount after a 
short time, and the car became a "rattling good car." 

There seems to be a necessity for a certain amount of oscillation 
before oilless or impregnated bearings work out well. Some of these 
bearings work out excellently, if there is 15 deg. or more oscillation, 
but below that point the distribution of lubricant does not seem to be 
as good as it might be. 

A suggestion that has been made at times is the use of a graphite 
system. I heard the other day of an ingenious scheme for distributing 
graphite by means of a pendulum arrangement. The rougher the 
road the more the pendulums would swing and the more graphite 
would be fed to some of the bearings on the car. 

The idea of a central oil tank has also been brought up in connec- 
tion with chassis lubrication, but that would have to be arranged so 
that the oil stops feeding when the car is laid up in a garage. If the 
oil in the main tank is not kept in any great quantity, but is supplied 
intermittently by an engine pump, so that no great amount of oil at 
any one time is kept in that tank it possibly might work. 

The wooden bearing has certainly shown its ability to stand up. 
There is no more severe stress on bearings than is given them by 
shock absorbers, say of the Hartford type; the impregnated wood 
there has certainly given good service. I believe that the bearing on 
the Truffault-Hartford absorber was changed from wood to metal 
about two years ago and was afterward changed back to wood again 
because the metal did not stand up under the severe stresses as well 
as the impregnated wood. 

The only big objection to the use of oil instead of grease is the 
difficulty in getting an oil that works just as well in Texas, for exam- 
ple, as it does in Alaska. The oil makers have not been able to find 
such an oil, and it is doubtful if they will. A number of trucks, as 
well as passenger cars, are being fitted with oil cups in place of the 
grease cups used a year or so ago. 

Chairman White: — In marine engineering we used a bearing in 
the tunnel shafts made of lignum-vitae; the propeller shaft ran 
directly in that with a bronze bushing shrunk directly on the main 
steel shaft. The bearing itself was made of lignum-vitae or wood, and 
was lubricated simply by the sea water that passed the packing of the 
gland. I never heard of one of those seizing and they were built into 
all of the British battleships, and on most of the high-class high-speed 
mercantile vessels. 
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DIFFICULTIES WITH OKEASB 

CORNEUUS C. Myers: — Most of us appreciate that grease as a 
lubricant is a dirt carrier, as well as a lubricating substance. There 
is a great tendency on the part of a man who owns a car and attends 
to it himself to leave the cover off the pail of grease, and to scrape 
the dirty grease off his fingers or the grease paddle on the edge of 
the pail after he has filled his grease cups. That is one reason why 
we have trouble in lubricating parts and bearings with grease. It car- 
ries dirt, which lodges in various portions of the bearings or bush- 
ings, and it forces whatever lubricant is supplied to that bearing or 
bushing along a channel where it is possibly not effective. The oil- 
fed bearing has not that objection. The oil will spread, even if a 
little dirt is present. Many a time the grease cup on a car or truck 
is screwed down until it squirts out somewhere, and then the fellow 
screwing up the cup feels his duty is done. He quits with the feeling 
that that bearing is properly lubricated for some time to come, but 
it is not. Take down some axles and it will be found that sometimes 
the steering-knuckles are almost frozen with plenty of grease appar- 
ently applied to the bearings of upper pins. Another point is that 
unsuitable greases are used — and there are many grades of such 
greases. 

A short time ago I was engaged upon the layout of a truck in 
which we decided to dispense with grease at every possible point, espe- 
cially where it had to be fed often; that is, at the ordinary daily or 
weekly periods. The main trouble of course was with spring shackle 
lubrication. Plain oil cups would have to be filled once a day any- 
how, possibly twice, to be sure that there would be no trouble. Now 
people will not, and ought not to be asked, to look after their grease 
cups or oil cups once or twice a day. As far as possible it ought to be 
a monthly proceeding, and it can be. I had previously tried out the 
wick oiler. It is very good, but is liable to damage by collision to 
such an extent that it is not reliable, so that we cast oil pockets in 
the spring shackles and brackets. The method of feeding the oil is 
quite important. If it is just allowed to feed to the pin by gravity 
all of it will very soon be lost, because the amount of vibration and 
motion between the surface is considerable, so that the oil feeds 
through very fast. We therefore allowed the oil to descend to the pin 
by means of a wick. An arrangement of that sort has a tendency to 
feed freely, so it is necessary to experiment with the material used 
for the wick, such as cotton or wool felt, or a mixture of cotton and 
felt. The design has this additional advantage — a teaspoonful of 
dirt can be added every time it is filled with oil, and the dirt cannot 
get to the bearings because all the oil is fed by capillary attraction to 
an aperture above the oil level. No matter how much dirt there is in 
the pocket it never gets down to the pin. No oil, or practically none, 
is fed when there is no motion in the pin. The minute there is any 
motion the feeding starts, and as a rule the more motion there is, or 
the more violent the motion is, the more freely will the oil be fed. 
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USE OP WEEPAGE PRINCIPLE 

The weepage principle has been nientioned by the author of the 
paper and has been utilized here too, by allowing the weepage to be 
carried by little ducts down to the spring leaves and allowing it to 
flow along the spring leaves. In pleasure car service it might be 
objectionable if the oil fed freely, but on a truck, at least, there is no 
objection. 

The same design principle can be applied in many ways. Another 
one is to make the rear spring shackle hollow and put the oil in the 
shackle. It sounds as though it would make a rather large and 
clumsy shackle, but really it does not. Considerable capacity is avail- 
able in the shackle for oil, and it can be fed in the same way. 

This method is a little expensive, but it is all a question of 
whether the result will warrant the expense. The details described 
may seem crude and cumbersome and in time some one will probably 
devise a better and cheaper method of doing it. Then everybody will 
use it, for there is no question in my mind that we will use oil in 
almost every case rather than ^grease; we will also use some method 
of oil-supply that feed.s according to the need. It must be a method 
that will not transfer the dirt to a bearing. In the method described 
the bearing is constantly clearing itself of dirt. It will accumulate 
on the outside of the shackles, but not on the inside of the bearing. 
Some trucks have been running for three years with the wick-oil 
method of feeding, and there is hardly a thousandth of an inch wear 
in the pins and bushings. They are still a beautiful fit, and very littla 
wear has occurred at the sides. 

K. W. ZiMMERSCHiED : — Oilless bearings are yielding enough so 
that the load is distributed over the whole surface of the pin. We 
know what troubles we have with bronze bushings. It is necessary 
to run them in to get a complete seat, thus wearing off the high spots 
on the bushing; but from the start an impregnated asbestos or other 
bushing of that sort gives a complete bearing over the whole surface 
of the pin and therefore wear will be very slight. 

A Member: — ^A cock-plug on a gas lamp is operated at tempera- 
tures from 300 to 400 deg. fahr. The best lubricant for such a plug 
is oil similar to the one used in the lubrication of a cylinder, mixed 
with finely divided graphite. The graphite is distributed to the work- 
ing surfaces, and even though the oil disappears the graphite lubri- 
cates the bearing. I should think that graphite circulated with oil by 
some such system as has been mentioned would result in an efficient 
Jubricant. Even though the oil became viscous and did not circulate 
in colder climates the presence of the graphite at that time would 
help out. 

COMPARISON OF GREASE AND OIL METHODS 

M. Tomlinson: — I have recently been developing a car of the 
popular-priced type, and the question of chassis lubrication came up. 
In a popular-price car we could not go into an elaborate system, so 
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for our own benefit we built two cars, one with cups of the oiler tyi>e 
and one with grease cups of the pin type. The cars were exactly the 
same. We used what we called a packed pin, fed from the end same as 
a grease cup. The felt wick was packed tightly. The opening was on 
top or away from the loaded side. The felt surface, clearance and 
a small oil plug were practically the same size as with the grease 
cup on the other type. We found in weather from 10 deg. below 
zero and up that with the grease we would get squeaks in from one to 
three days. With the oiling type we got nothing for seven days. The 
oil cups were filled once in eight days, while the grease cups on the 
other car were filled three times in the same length of time, proving 
to us that the oil was satisfactory. Using a small spring-clip cap for 
the oilers, the operator could pass along the car, and with his oil can 
simply lift up the cap and shoot in the oil. 

G. W. Keen: — ^Would it be possible to incorporate a pressure re- 
lease in the main feed-line used in the Fergus car, and utilize the heat 
of the exhaust to thin out the lubricant, after which the pressure re- 
lease would go out of action and feed the lubricant along the pipe line? 
Would such a system tend to liquefy the partly solidified lubricant in 
the pipes? The lubricant, while in a vaseline or heavy condition in the 
pipe, might be thinned in a comparatively short distance by the oil 
heated after passing through the gears. 

A Member: — The tendency should be to simplify the lubrication 
system more than to make it complex. I know of one car that has no 
less than 69 grease cups. Every 1500 miles service is given on this 
car. It takes three men an hour to lubricate it completely. Grease 
is used for lubrication. According to the instructions grrease is de- 
pended on as much to force the dirt out as to lubricate the parts. It 
has been my experience that grease is a gatherer of dirt and will not 
wash off; whereas the ordinary touring car receives a washing at 
least once in a while. After water is put on a car at heavy pressure, 
the grease will still adhere, whereas the oil will be readily removed, 
leaving the surface practically clean and in that way washing the 
grease off. 

O. E. Hunt: — It seems to me that any engineer will almost surely 
agree with Mr. Schipper when he says that the average owner has 
extreme difficulty in finding the grease cups. I believe that if every 
engineer in the industry discharged his garage man and greased his 
own car, a tremendous improvement in chassis lubrication would 
result. 

EXTENDING CENTRAL LUBRICATION 

I want to call attention to some instances where little difficulties 
have been encountered in extending central lubrication to points that 
are ordinarily not so lubricated. We made an attempt on one of our 
former chassis to lubricate a clutch front bearing with oil from the 
rear-bearing. It was a ball bearing housed in the rear end of the 
crankshaft. Means were provided to pass oil from the engine rear- 



Digitized by 



GooQle 



DISCUSSION OF LUBRICATION 291 

bearing through the clutch bearing, and then to return it to the 
crankcase. The system was fairly successful, but it had to be dis- 
carded finally, because the clutch bearings rusted out, the difficulty 
being that the ball bearing could not be kept flooded with oil and the 
breathing action of the crankcase carried moist air through the bear- 
ing constantly and produced rust. At present in our twelve-cylinder 
engine we protect a ball bearing at the lower end of the timer from 
rust by providing a trap in the oil return from the timer base, which 
seals the retusn and prevents breathing action through the timer 
ball bearing. 

In the conventional type of chassis, with which the transmis- 
sion is on the engine, the most clean-cut way to lubricate the front 
universal-joint is from the transmission. That is, make the trans- 
mission a central system from which the universal joint is lubricated, 
also the torque-arm front-end. The rear universal- joint could well be 
lubricated from the rear axle. The big gear could be used as a pump 
and a scraper arranged in the upper part of the case to scrape the 
oil from the big gear and feed it into the rear universal-joint, which 
would be provided with a proper overflow to the bevel-gear case to keep 
the level from getting too high. In all such instances it is as necessary 
to keep dirt and water out as it is to keep the oil in. It is important 
then to boot such jobs. I would like to ask Mr. Chilton what means he 
proposed to use to keep dirt and water out of oilless bearings for 
spring bushings. I believe that the wick-fed oil-lubricated spring 
bushing with large capacity reservoir, such as Mr. Myers has de- 
scribed, is the most attractive spring-bolt lubrication means that has 
yet come to my notice. 

RUBBER BUSHINGS ADVOCATED 

G. A. Breeze: — Some parts of the chassis need not be oiled if 
proper provision is made for something to take the place of the oil. 
Rubber, properly confined so that it cannot be. chafed, will take the 
place of lubricant. If we did not have grease, or if it cost a little 
more than it does, we would try to get away from it. 

Some parts of my car connected with the radius-rods rattled and 
I found that by putting rubber blocks on there and confining them 
properly the parts would stand up all right, and would not wear out. 

I believe a rubber bushing can be inclosed in a housing so that the 
rubber cannot spread far enough to deteriorate, and can be used at 
that point in place of oil or grease. I know that you can from what 
I have already done. Rubber can be used in steering-knuckles; that 
is, in the ball joint on the end of the arm. 

I think that rubber confined in a housing could be used to take the 
place of several parts that have previously been lubricated or rather 
not lubricated. 

Chairman White: — In 1900 I was chief engineer for a large air 
compressor factory and we used to have a three-cylinder direct- 
co'ipled air compressor driven by an electric motor. It is probable 
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that about 300 hp. at 300 rev. per min. was required to drive these air 
compressors. We coupled these compressors to the motor. We 
allowed about % in. clearance between the flanges of the two halves 
of the coupling. In that space we put a rubber bushing. Part of the 
head of the bolt pressed the rubber in so that the flange itself could 
be a certain amount out of line and yet it would always take the 
torque and the connection would be absolutely solid. It was neces- 
sary to use a molded rubber of pretty hard composition. 

CORNEUUS C. Myers: — A large rubber bushing was used on the 
front brackets of the Renault car. Its designers started with a small 
one, which pinched off. Then they tried a larger one. A number of 
Renault cars in New York and in the East have large front shackle 
brackets; there is a big rubber bushing in them, or at least there was 
when the car left the shop. But rubber deteriorates when exposed to 
the elements, and I know that a large number of those bushings were 
replaced with others of a different material. Rubber is attractive 
where there is a tendency to distortion, but it will not, as a rule, 
stand the load required in automobile practice. 

F. H. Floyd: — It might be interesting to give my experience in 
driving a car for 12,000 miles. My experience has been that mud and 
dirt are excluded when grease cups are filled uniformly. I wished to 
see how thoroughly I could lubricate a car and prevent wear. It is 
true that I had a chauffeur to whom I gave orders. However, I did 
not rely upon his efficiency, occasionally getting under the car myself 
to see that the work was properly done. I noted the length of time 
that it took to fill up the grease cups and started him in. Weekly I 
asked for a report, and took pains to check it up. I found that he had 
missed a few. More than that, I found that he was turning up grease 
cups weekly that were empty. It was much easier to turn grease cups 
up than it was to fill them. A 5-lb. pail lasted for the 12,000 miles. 

My experience has been that when grease cups are filled uniformly, 
mud and dirt are kept out. After filling grease cups, the surplus 
grease was wiped off with a cloth, thus also preventing the accumula- 
tion of mud on the outside of the bearings. I found at the end of the 
12,000 miles my car operated noiselessly, and the length of time that 
it took to lubricate it was not excessive. 

If there are sixty grease cups on the car there are sixty places to 
run oil into. It will, I think, be difficult to get a circulation that is 
uniform to all of the bearings from a central reservoir, for the reason 
that the oil will follow the line of least resistance and pass out 
through some of the bearings, leaving the others dry. 

In extremely cold weather the bearings that are in warm places 
will get all of the oil, and distant cold places vdll get none, largely 
because the oil has become a grease in consistency. It is largely for 
this reason that greases, through a multiplicity of grease cups, still 
have the advantage. 
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author's closure 

Roland Chilton: — Mr. Floyd has had better luck with grease 
cups than most of us. Perhaps he had a little more patience when it 
comes to the job of screwing them up than the average man has. If 
everyone would follow the instruction manuals and squirt the grease 
cups full every few days we should be all right; but there are many 
men who will not do it. We must either persuade these men to do it 
or remove the necessity. I feel that it is absolutely hopeless to per- 
suade the majority of users. 

Mr. Floyd brings out the point that the reason grease is still used 
is that it is grease at the beginning and it is grease at the end; 
grease in winter and grease in summer. On the other hand oil can 
be very thin at one time and very thick at another, and with some 
lubrication systems that might give serious trouble. 

Of course, the oil that we now use to lubricate our engines is sub- 
ject to just the same climatic variations as oil that we use for the 
chassis; in spite of those troubles we still manage to get along with 
oil for engine bearings. If we have very cold conditions we must put 
in a pump that is husky enough, and we must use pipes that are big 
enough so that the oil in its coldest condition can be handled. On a 
cold morning the pressure will go way up, but it is not impossible to 
design a pump and a pipe system that will look after the oil when 
it gets thick and sticky. If we can make an engine system, which de- 
pends upon a pump, work satisfactorily in cold climates I do not see 
why the system should not be extended to the chassis. 

Universal-joints make trouble when it comes to lubrication, simply 
because the centrifugal force has a "dryer" effect and keeps the oil 
flung well away from the bearing surface. In the Fergus car we 
remedied that trouble by having the universal- joints inclosed in the 
torque-rod, as is often done, but we fed the joint bearings by pressure 
from the pump. That car had plain bearings in the gear-box, which 
by the way gave a quiet gear box. The gear shafts and universal- 
joint pins were drilled, so that the universal-joints got full pump- 
pressure, and that settled the trouble there. Of course, this is easily 
applicable in cases where the torque-tube runs down to the rear axle. 

stopping oil feed 

Whatever oil system is used, it is essential to have one in 
which the oil feed stops when the car stops. In the Fergus car that 
result is obtained by taking oil in every case to the pressure side of 
the bearings, the side of the bearings that carries the load. I made 
this test of a Fergus car: I ran the engine slowly for a few hours 
with the chassis still and no oil whatever passed the spring pins. In 
the accompanying sketch (A) is the fulcrum pin; that is, the central 
pin, of the cantilever spring. The bronze-bearing bracket (B) is the 
one to which the spring was clamped. The fulcrum pin was adjustable 
and held by a large bolt, of which there were four on the chassis. A 
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pipe line passes around the chassis, starting from the engine pump, 
and leading back into the sump. When the oil is not sticky the 
pressure is in the pipe line and is probably one or two pounds to the 
square inch. It would go up to a hundred pounds to the square inch 
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if the oil was frozen. The pipe line passes close to the fulcrum pins 
with a branch hole leading into each. The oil holes (C) through the 
wall of the pin are on the side of the bearing on which the car weight 
always lies. Under these conditions the engine can be operated all 
the afternoon. The oil is circulating through the pipe, but no oil 
passes the point (C). The weight of the car keeps the end of the oil- 
hole sealed. With the engine running if the car is bounced by two or 
three people jumping up and down in it, it will be five or six minutes 
before the oil will pass through the holes and feed the springs. The 
outlet holes through the bushing (D) pass through the leaves, so 
that the oil must work all the way around the clearance in the bushing 
before it can get along the grooves in the spring. To show how effi- 
cient this method is in getting weepage through a bearing: we had 
the trouble at first of getting far too much oil through the system. 
The reason was that the bolts that fixed the springs to the bracket are 
at each end of the bearings, thus bringing the big load on the bronze 
casting at each end. As our casting was not stiff enough, it slightly 
"bellied." The heavy bearing pressures were at the end and the light 
ones in the middle. We had to alter the bearing — ^to stiffen it up with a 
rib. It was necessary to so fit that bushing that there was a high 
zone in the middle; with a clearance in the middle it fed too much oil. 
If fitted, the bushing was fitted so that the high spot was present in 
the middle. A day's run on the road would be necessary before 
the oil reached the very end of the system and traveled along the 
springs to the shackle, or rather the substitute for shackle that we 
used in this car. Of course, this point is met by oiling the parts when 
the car is put together. 

The wick feed is a good scheme, and was used in the old gas engine 
days to lubricate crankshaft bearings, but as I remember it every 
time the engineer stopped the engine he had to pull those wicks out 
to avoid flooding over night. 

In thinking of automatic lubrication the first thing seemingly that 
comes to mind is "complication." People seem to have a conviction 
that the car has sixty points to oil automatically, which is true. As 
against that the sixty grease cups constitute in themselves a degree of 
complication. There is very, very little on the outside of the Fergus 
chassis to show that it is automatically lubricated at all. A pipe line 
passes inside of the frame members and around the chassis, the spring 
shackles are not of orthodox construction (but are less complicated 
construction than the orthodox) and apart from the pipe line there is 
nothing to indicate that the chassis is oiled at all. 

OIL RADIATORS REQUIRED 

I hardly think that it is necessary to heat the oil because the 
engine itself is a good oil heater. The trouble is that the oil gets too 
hot. It may even yet be necessary to put oil radiators in for that 
reason. All that is necessary is to have the pumps husky enough 
and the pipe system strong enough so that it will not burst under 
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unfavorable conditions, during the few minutes after starting before 
the oil has been dashed about and before the heat of the engine has 
thinned it out. Parts may break, but after all it is a simple matter 
to make them so that they do not break. It is just a matter of ade- 
quate strength. 

Mr. Hunt also raised the point of rust in the ball bearings, and 
that reminds me of a similar trouble I experienced in this Fergus car. 
I inclosed the magneto and put a vent into the magneto cover because 
I fancied that otherwise any reduction of the pressure under the 
cover might cause an oil leak from my oil retainer. One day the car 
stopped. We took off the cover of the magiieto, which was covered 
with what I might describe as a cobweb of rust. The whole of the 
wiring was covered with a sort of mist, and I take it it was due to 
this breathing action that Mr. Hunt mentioned. 

The oilless bearing is the less susceptible to effects of dirt. I think 
that with a very soft bushing and a hard pin, dirt will do less harm 
in oilless bearings than in the others, although, of course, dirt should 
not be present in either of them. Grease itself does to a certain ex- 
tent act to keep the dirt out, but when the dirt has got in, a dry bearing 
would be better. When we have a very hard hole to lap out, and it 
is too hard to turn, what we do is to get some good hard dirt, or 
emery, we call it, and some oil, and go to work. We do not get results 
until we put in some oil, but grit and oil make a very fine lapping com- 
pound. 
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HEAD-LAMP GLARE— WHAT IS IT ? 

By J. B. Replogle 

(Member of the Society) 

It is my intention to confine this paper entirely to the question of 
what constitutes glare and of how it can be measured. This, of 
course, precludes any discussion as to the relative merits of different 
methods of eliminating glare, which in itself constitutes subject 
matter for a paper. 

I know there is such a thing as glare, because I have encountered 
it many times. I know that it has been legislated against, so in order 
to find out what it is I wrote the police authorities in many of our 
principal cities, inquiring how they formulated the prohibitions 
against glare and hoping thus to obtain some definite information on 
the subject. 

ANTI-GLARE ORDINANCES 

Letters were sent to the authorities in fifty-eight cities. We 
received a very generous response, including ordinances from twenty- 
three cities. Of the total number communicated with, 55 per cent 
have no ordinances. Some of the remainder cover the matter by rules 
as follows: 

Boise, Idaho — ^Blindine lights or searchlights prohibited. 

Buffalo, N. Y. — ^Dazzling or blinding light, or a lamp or light exceeding 
20 cp. with or without reflector, prohibited. 

Cheyenne, Wyo. — Should not give forth a blinding glare, but should shed a 
rather subdued light. 

Chicago, 111. — Unlawful to use acetylene, electric or other bright head- 
lamp, or any head-lamp, the rays of which shall be intensified by any para- 
bolic or condensing reflector, unless such head-lamp shall be properly shaded 
so as not to blind, dazzle or confuse other users of the highway or make it 
difficult or unsafe for them to ride, drive or walk thereon. Inspection board 
provided. 

Cincinnati, Ohio — Similar to Chicago, but shading or dimming upper half 
of lens is deemed compliance. 

Cleveland, Ohio — Lighting device is prohibited that concentrates and 
projects any part of the light into a beam, unless the said lighting device is 
so adjusted that at a point, a distance of 75 ft. or more in front of the vehicle, 
no part of the reflected beams of light shall be visible more than 3 ft above 
the surface of the roadway. 

Denver, Col. — Same as Chicago. 

Girand Rapids, Mich. — Same as Chicago with the addition that the use of 
amber glass (so-called) as a screen, shall be deemed a compliance when 
. effective. 

Louisville, Ky. — ^Dazzling or glaring head-lamps prohibited. 

Milwaukee, Wis. — Lamps prohibited that project main light rays above a 
plane that shall strike the roadway more than 200 ft. forward from base of 
vehicle on a horizontal roadway. 

Omaha, Neb. — Head-lamps must be so focused and directed that the 
uppermost rays shall not be elevated more than 6 ft. above the surface of a 
level roadway at a point 100 ft. ahead of the lamp. Must be dimmed by 
being suitably shaded or covered so that there shall not be a glaring or 
dazzling effect 

Portland, Ore. — Head-lamp shall be so controlled that it will not blind, 
dazzle, or confuse other users of the streets or make it difficult or unsafe for 
them to ride, drive or walk thereon. 

San Francisco, Cal. — Must be so dimmed or covered that the glaring effect 
or head-lamps shall be done away with. 

Salt Lake City, Utah — Light prohibited of such power or strength as to 
dazzle pedestrians or drivers of vehicles moving in opposite direction. 

Toledo, Ohio — Same as Chicago. 
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The city of Baltimore, Md., has gone into the matter more thor- 
oughly than any other city from which I heard. I shall therefore 
give the Baltimore ordinance almost in its entirety as being repre- 
sentative of the most painstaking attempt to cover the situation. 

BALTIMORE LIGHTING ORDINANCE 

Definitions 

The term ''headlight" shall be taken to embrace any liffhtiiisr device 
designed to display a light on a motor vehicle in the direction In which said 
motor vehicle is designed to proceed, the term including what are commonly 
denominated as "side liehts" when the same are fitted with retlectors and 
equipped with electric biubs or other means of illumination of more than 4 cp. 
Maximum Standards 

No motor vehicle in use in Baltimore City (including motorcycles) shall 
be equipped with any electric bulb or other lighting device of a greater rated 
capacity than 30 cp., no matter how the same may be shaded, covered or 
obscured. 

No "side light" shall be equipped with any electric bulb or other lighting 
device of a greater rated capacity than 4 cp. unless shaded, covered or 
obscured as hereinafter provided. 

Operation and Control 

No motor vehicle, including motorcycle, shall be operated within the limits 
of Baltimore City equipped with any device by which the headlights can be 
switched or cut off or on. covered, shaded, deflected, dimmed or lowered from 
the seat, unless the headlight itself is equipped with some means of preventing 
glare, which has been approved by this Board. In short, the ordinary 
"dimmer" or auxiliary light operated by a switch from the seat will not be 
permitted unless the headlight so operated is itself so shaded or constructed 
that even when cut in from the seat. It will not produce glare. 

Oil Lamps 
Unless an oil lamp of exceptional brilliancy be used, no device to prevent 
dazzle or glare will be required. Where, however, oil lamps of great bril- 
liancy are used, some anti-glare device as hereinafter prescribed shall be used 
with the same. 

Gas Lamps 
All gas headlights (or sidelights of over 4 cp.) shall be equipped with some 
anti-glare device as hereinafter prescribed, this provision to apply to motor- 
cycles as well as all other motor vehicles. 

Electric Lamps 
All electric headlights (or sidelights of over 4 cp.) shall be equipped with 
some anti-glare device as hereinafter prescribed, this provision to apply to 
motorcycles as well as all other motor vehicles. 

Anti-Olare Devices 

The use of any headlight of not over 30 cp. shall be lawful when the glass 
in front of the same shall have been covered or coated with tissue paper, 
paint, frosting or any other substance or material of sufficient opacity to 
prevent the outlines of the fiame or electric light being visible when looking 
through the glass from the front. If desired, a circular space of not over z 
in. diameter may be left clear in the center of the front glass or a space of 
not over 25 per cent of the entire area below the level of the bottom of the 
flame or bulb. If these latter options come to be abused by motorists to such 
an extent as to defeat the purpose of the ordinance under which these rules 
are adopted, this portion of this rule permitting any portion of the front glass 
to be clear will be revoked by the Board without notice. 

Acting under the authority conferred by Section 5 of Ordinance No. 630, 
approved May 27, 1915, the Board of Motor Vehicle Headlight Inspection has 
heretofore approved, and will from time to time hereafter approve certain 
special devices designed for the prevention of glare. Motorists are authorized 
to use any such device, and upon purchasing the same are given a certiflcate 
from the dealer to the effect that the same has been duly approved by this 
Board. The ordinance provides in effect that said certificate, when displayed 
to any police officer will render the motorists immune from arrest under said 
ordinance. Such plan and the use of special devices so approved furnish 
the motorists a final solution once and for all of the headlight problem, and 
their general use will at the same time go far towards obviating the necessity 
for more drastic legislation upon this subject. 

No certificate issued by the Board as to any special anti-glare or non- 
blinding device is effective, according to its terms, unless such device Is 
properly adjusted as directed by the maker. Motorists should therefore be 
careful in the first instance to see that such devices are properly adjusted* 
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and, in the case of those apt to get out of adjustment, thereafter to see that 
they remain in proper adjustment Most of the devices approved by the Board 
are not susceptible of improper adjustment, and such type of device is 
naturally to be preferred. 

In view of the dangers attending driving at night without adequate light, 
the Board does not approve the extinguishment of headlights out-right. The 
devices above described all yield sufficient light to make night driving safe, 
but at the same time overcome the dangers attendant upon the use of glaring 
headlights. 

EFFECT OF LIGHT ON HUMAN EYE 

After an extensive study of ordinances dealing with glaring 
lamps, I found that the only reference made to a unit of measurement 
was one in which the candlepower of the bulb was specified. Inas- 
much as the effect produced by a lamp of a definite candlepower 
varies grreatly in accordance with the method by which the light rays 
are reflected, the candlepower unit is a meaningless one when used 
in this connection. One significant fact stands out prominently with 
reference to the majority of the ordinances; namely, that wherever 
the effects of a glaring head-lamp upon users of the roadway are 
described, the expression used is : Make it difficult or unsafe for them 
to ride, drive or walk thereon. An endeavor to determine why glare 
renders use of the highway difficult or unsafe directed my attention to 
a field of investigation upon which the conclusions in this paper are 
based. 

It is a matter of common experience that the glaring effect of a 
head-lamp is to a great extent a function of its surroundings. For 
example, in broad daylight the brightest head-lamp does not cause 
inconvenience, while a head-lamp that is ordinarily considered as being 
well dimmed, may, if directed upon a dark road, produce extreme dis- 
comfort and constitute a real menace. This fact led to an investiga- 
tion as to effect of light upon the human eye under various conditions. 

It has been found that if a light be suddenly flashed into the eye 
of a person who has been for some time in a dark room, the pupil 
quickly contracts until the area exposed is but a small proportion of 
that to which it is dilated while in the dark. The same phenomenon 
occurs when a person in subdued light is looking at an object that is 
so poorly illuminated as to be barely visible. The pupil is dilated so 
that the retina of the eye can receive as much light as possible from 
the object viewed. If then a bright light is suddenly thrown into the 
eye, the pupil contracts, so that while the same amount of light as 
before is coming from the object viewed, but a small portion of it can 
reach the retina of the eye and produce vision. This reduction of 
vision the ophthalmologist calls "depression in visual function." 

Glare is noticeable when light is reflected from the surface of 
glazed paper into the eye of a p<?rson reading by concentrated arti- 
ficial light. Characters plainly visible when the paper is held at 
such an angle that it does not appear as a polished surface become 
illegible when the reverse is true. This is due to depression in 
visual function resulting from the greater proportion of light from 
th« source that strikes the eye. 
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DEFINITION OF GLARE 

A qualitative definition of glare can now be proposed: Glare is 
depression in visual function due to contrast between the direct 
illumination of the eye from a source of light and the illumination of 
an object it is desired to view. This glare is prohibitive when the 
object of vision is difficult to discern. Accepting this hypothesis, we 
next approach the question as to a unit of glare and how to measure 
it. Assistance in consideration of this subject can be had by con- 
sidering certain factors used in the measurement of light. 

The illumination expressed in foot-candles produced by a source 
of light on any surface is equal to the luminous intensity of the 
source expressed in candlepower divided by the square of the distance, 
in feet, of that surface from the source. Thus a surface placed 1 ft. 
away from a 15-cp. source will have an illumination of 15 foot-candles. 
A surface 2 ft. away will have one-fourth as much illumination or 
3% foot-candles. 

The effect of a perfect parabolic reflector is to reflect all the rays 
from a point source at the focus in a direction exactly parallel to the 
axis of the reflector. An object within this beam of light is as 
brightly illuminated at a distance of 50 ft. as it is at 1 ft., hence the 
rule^iven does not apply when the rays are focused. 

Many believe that intrinsic brilliancy alone is the cause of glare, 
and, so far as the discomfort caused by glare is concerned, this seems 
reasonable. But a comparison of a naked light with a light of the 
same intrinsic brilliancy in a parabolic reflector shows that the 
blinding effect is not due alone to intrinsic brilliancy. 

Let us see if the unit of glare is related to the unit of illumination, 
the foot-candle. It is wise to establish a unit that can be applied in 
considering means for remedying a recognized evil. 

Let us consider the matter as related to the pedestrian, equestrian 
or driver of team or automobile. A psychological peril is always 
present when animate intelligence is confronted by a powerful swift- 
moving machine. There is the probability of man or beast becoming 
frightened at the approach of such a machine and of his precipitating 
himself into danger. The presence of bright lamps on the front of 
the machine certainly tends to increase the natural apprehension 
and thereby the danger. If we make it safe for those possessing 
animate intelligence, provided they retain self-control, I think that is 
all that can be reasonably expected of the engineer. We can make it 
safe for them only if they can see their way with sufiicient clearness 
to avoid the ditch on one side and the approaching machine on the 
other. As the driver of the team or machine requires more room 
than the pedestrian, and, as the consequences of running off the road 
into the ditch are so much more serious, we will confine our attentions 
to the approaching driver. 
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RELATIVE L^GHT INTENSITY 

In the city or town, the roadway is as a rule fairly well illuminated 
by street and store lights so that the approaching driver can suffer 
considerable depression of visual function without losing sight of the 
road. But in the country, on a narrow high-banked road, with a deep 
ditch on each side, and no illumination but that provided by the head- 
lamps, the peril becomes most acute. We shall therefore consider 
only this extreme condition. We shall here refer to the driver of the 
machine or team who is confronted by the head-lamp under consid- 
eration and not primarily to the driver of the machine carrying the 
head-lamp. The approaching driver is most of all concerned about 
seeing the road so he can steer his team or machine safely. To be 
able to do this, there must be a minimum ratio betiveen the intensity 
of light shining in his eyes from the approaching head-lamps and the 
illumination of the roadway. 

This is proved by common experience among automobilists that, 
when a dazzling head-lamp is approaching so that the driver facing it 
is blinded, if he in turn throws on his own head-lamps, they will, if 
they are more luminous than the opposing ones, so reduce the glare 
in his eyes as to enable him to drive safely. This is not due to the 
head-lamps of one car overcoming or neutralizing those on the other, 
as some suppose. What really happens is that the stronger head- 
lamp illuminates the roadway in front of and beside the approaching 
machine more than the approaching head-lamp illuminates the pupil 
area of the eyes facing it. Although just as much light enters the 
eyes from the head-lamp as before, the contrast between the illumina- 
tion of the eye caused by the head-lamp and that of the roadway has 
been very much decreased and the glaring effect correspondingly 
reduced. In applying this information to the problem before us note 
that the principal places whose illumination are of interest are (1) the 
roadway that the approaching driver must see in order to steer cor- 
rectly and (2) the eyes of the approaching driver. A strip of road 
measured from a point not more than 4 ft. in front of the head-lamps 
and say 8 ft. wide measured from the left-hand edge of the machine 
to the ditch can be taken as the road area the approaching driver is 
striving intently to see. The eyes of the approaching driver will not 
be less than 3 ft. from the ground in the most extreme case; they will 
be perhaps 25 to 50 ft. from the head-lamp. Under these conditions 
the eyes facing the head-lamp will be dazzled by the glare if the light 
striking them is much more intense than the light from the head- 
lamp that strikes the area mentioned. 

ELIMINATION OF GLARE 

My suggestions therefore are (1) specify an area (a) on the 
roadway that the approaching driver must be able to see; (2) specify 
an area (6) within which the eyes of the approaching driver will 
come at a time when he must see the roadway to avoid danger, and 
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(3) specify a relation between the illumination of area b and that of 
area a such that glare will not result. 

The space covered by area a should not begin more than 4 ft. in 
front of and not less than 8 ft. to the left of the extremities of the 
machine carrying the head-lamps. Area b should not be less than 
3 ft. above the level roadway, and 25 ft. in front of the head-lamp. 

If the illumination at b is more than four and one-half times 
that at a the light is glaring. This factor (four and one-half) was 
determined as follows: A ring was placed at a point 25 ft. in front 
of the head-lamp and the brightest spot in the beam directed upon it. 
The illumination on this bright spot was measured. A group of ob- 
jects were placed below the head-lamp as representing obstacles in 
the road. An observer was placed so that he looked through the ring 
at the road obstacles and adjusted the light upon the road obstacles 
by means of a rheostat until they were sufficiently visible to make it 
possible to drive safely by them. The illumination of the obstacles 
was then also measured. In our experiments the illumination at the 
ring was four and one-half times that of the obstacles under the con- 
ditions specified. 

Several forms of illuminometers are already available by which 
the measurement of illumination can be made. Two of these are the 
Sharp-Millar illuminometer, designed by Prof. C. H. Sharp of the 
Electrical Testing Laboratories, New York, and the Macbeth illumi- 
nometer, which was the type of instrument used in my experiments. 
These instruments are both expensive but I have made a simple and 
inexpensive form of glare meter, the basis of which is an ordinary 
pocket flash-lamp. This instrument can be produced by an instru- 
ment manufacturer for a small part of the cost of these more elabo- 
rate instruments and will be sufficiently accurate to permit the police 
commissioners to make their determinations with a satisfactory 
uniformity. 

In Fig. 1, T represents the ordinary tube containing the battery 
of a pocket flash-lamp, L is the bulb of the same, S is the switch 
found thereon and R is the rheostat wound upon the outside of the 
tube whereby the resistance between the battery and the lamp can 
be varied at will within large limits. Mounted upon the lamp at the 
end of the tube so as to slide freely back and forth thereon is a photo- 
meter proper, which consists of the inside screen /, outside screen O 
and the eyepiece E. On looking through the eyepiece E two surfaces 
are observed, the screen /, which is illuminated from the lamp of the 
photometer or glaremeter, and the outside screen O, which is illumi- 
nated by the source of illumination being measured. The photometric 
head slides backward and forward to such an extent that when slid 
back the inside screen / is illuminated four and one-half times as 
much as when the photometric head is pulled out. This condition 
is secured by having the dimension H in the drawing equal to 2.121 
times the dimension Af . 
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The instrument is used as follows: Assume a certain position as 
representing a place on the road it is desired to illuminate, set the 
photometer or glare meter with the head pushed back as far as possible 
on the tube, adjust the light on the inside screen / by means of the 
rheostat R until screens / and O are seen to be equally illuminated 
with the light shining on O from the source in question, surface O 
occupying the position representative of the point in the road it is 



h- H )J 

Pio. 1 — Inexpbnsivb Form of Illuminometer for Measuring Glare 

desired to illuminate for the convenience of the approaching driver. 
Now pull the photometer head as far as possible, walk back to the 
spot that is representative of the place the approaching driver's eye 
will occupy and inspect as to whether surface O is more brightly 
illuminated than surface /. If it is more brightly illuminated, the 
lamp is a glaring one, according to the definition given in the paper. 

AUTHOR'S CONCLUSION 

Legal restrictions attempt no definition of glare and therefore 
lead to confusion. They agree that the effect of glare is to render 
use of the roadway difficult or unsafe. 

Glaring effect of a head-lamp is dependent upon environment. A 
bright light causes contraction of the pupil of the eye and thereby 
prevents clear vision of dimly illuminated objects. This effect is 
termed depression of visual function. 

The effects of light are measured as candlepower, mean spherical 
candlepower, mean spherical candlepower per square inch and foot 
candles. Glare being a matter of relative illuminations must be con- 
sidered from the standpoint of the unit of illumination, which is the 
foot-candle. 

If we make it safe for other users of the highway to face our 
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head-lamps, provided they retain their self-control, we have done 
enough. It is safe for them, though possibly still uncomfortable, 
if they can see clearly the road they wish to travel. They can see 
the road clearly if the illumination of their eyes by the head-lamp 
is not more than four and one-half times that of the road. This 
illumination can be measured by standard illuminometers, or by the 
special instrument developed by the author and described in this paper. 

DISCUSSION 

Dr. Louis Bell: — Several years ago I conducted a series of ex- 
periments in which the question of the nature of glare came up. 
The depression of visual function is a complicated subject, dei)end- 
ing only to a moderate extent on the relative opening of the pupil, 
because providentially we are so organized that contrasts seem about 
the same to us, providing these contrasts have the same numerical 
value, no matter whether the total illumination is rather bright or dim. 
Another matter must be seriously considered; that is the phenomenon 
characteristic of glare beyond that of the mere radiation of an abso- 
lute amount of light on the objects illuminated. When a light is of 
a highly "glaring" character, the beam of light entering the eye has 
several unpleasant effects. In the first place, the eye is not a perfect 
optical instrument. The beam of bright light entering the eye forms 
its clear image on the retina. It also is more or less scattered by 
the media of the eye, so that there is something of a halo about the 
image, if the light is very bright, because the scattered light, in the 
case of an intense beam, increases in intensity until it becomes un- 
pleasantly visible on the retina. Then, too, the eye is not fully opaque 
outside of the pupil. Light can and does enter at the iris, particu- 
larly if it is not heavily pigmented. It also enters through the white, 
the sclera, of the eye. Indeed, it is a common experiment with oph- 
thalmologists to send in light through the sclera and illuminate the 
whole fundus of the eye. The result is that when a bright light is 
facing a person, the image is formed on his retina; there is lif ht 
surrounding it, owing to the scattering of the light in the media of 
the eye and to the light that comes in through the body of the eye. 
This stray light makes it so hard to see a comparatively faintly illu- 
minated object. If the light forms simply a sharp and clean image 
on the retina without any straying at all it is comparatively easy to 
see even a fairly faintly illuminated object. 

OPHTHALMOLOGICAL VIEW OF GLARE 

The criterion from the ophthalmologist's standpoint is that glare 
begins when the stray light that does not form a clean retinal image 
is sufficient to be of about the same order of magnitude as the light 
received from a neapby object in the field of view. That is what is 
experienced when a person looks at a bright head-lamp in front of 
him, He sees not the image of the front of the lamp, but a halo of 
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light all around it. When that is comparable in brightness with the 
light received from an object in the vicinity he fails to see that object 
because it is not on a dark background any more; it is on a rather 
light background. 

Perhaps the simplest definition of glare in that sense would be to 
say that a lamp, a head-lamp or anything else, produces glare when 
its image is so expanded as to interfere with the visibility of things 
about it. We will notice that particularly with a powerful bulb in a 
perfectly clear head-lamp the beam streams down upon us. We see 
nearby objects, but cannot see things near the lamp itself. That ia 
glare in the ophthalmological sense. 

The criterion Mr. Replogle put forth seems to me to be really a 
question of differential illumination as between the light on the road, 
which is produced, perhaps, chiefly by a man's own head-lamp and 
the light that comes at him. If we can get enough light on the road, 
we can beat through those factors of glare and still can see quite well. 
A person is much more nearly immune with a powerful head-lamp 
of his own than he would be if he were traveling with a 15-cp. lamp 
and the other fellow had one of 70 cp. The moral of this condition is 
that it is desirable to keep the light low; keep it where it will not get 
into the driver's eyes. Fortunately that is not an extremely difficult 
thing to do« If our head-lamps were placed a little bit lower, it would 
be still easier. Some of them are up rather high to meet the require- 
ments even at a short distance. 

EFFECT OF INTRINSIC BRILLIANCY 

The small difference made by intrinsic brilliancy, which Mr. Replo- 
gle has mentioned, is a well-established experimental fact. For exam- 
ple, we cannot tell at a distance of a few hundred feet whether a big 
arc lamp has a diffusing globe on it, providing that the illumination 
received as measured in foot-candles at the eye is the same. Intrinsic 
brilliancy only comes into play within small distances. At other 
distances it makes absolutely no difference for the same illumination, 
whether the intrinsic brilliancy is high or low. We can really forget 
the question of intrinsic brilliancy providing the illumination is the 
same. The illumination measured in foot-candles is the critical thing, 
because that, in the last resort, tells whether the light is sufficient to 
see by, or whether it is just going to fail. 

In head-lamp construction and design, we have to look out for a 
little more than the effects at short range. Two cars approaching 
each other at 30 m.p.h. are moving together at the rate of 88 ft. per 
second. The drivers of these cars must make up their minds what to 
do a long time before they get inside the 25 or even the 50-ft. limit. 
I think, therefore, that more light is needed over a comparatively long 
distance. Most drivers would prefer 250 ft. to 25 ft. as the critical 
distance at which they should be able to see what to do, because it 
takes some little time to set the brakes on a car. A man's own reac- 
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tion time, the time it takes him to see something imminent, to get his 
foot on the brake and get the car to a stop is several seconds. Every 
vehicle may be considered as carrying in front of it a danger space 
equal to the braking space, the shortest distance in which it can be 
stopped. So we must watch carefully and get visibility of the object 
far enough ahead to be outside the limit set by the two danger spaces 
of the two moving vehicles. This limit may be two hundred yards 
for interurban electric cars. In the case of an automobile, which can 
travel anywhere from 30 to 100 ft., according to its driver's prompt- 
ness, we must consider the space covered during his reaction time and 
the braking space as well. So that, as a practical matter, we must 
consider all driving conditions, not merely those when cars are fairly 
close together— <)f course, it is important always to see where we are 
going to drive, but we must see things quickly enough to bring the car 
to a halt because of a dangerous condition on the side of the road. 

RESULTS OP ADJUSTING LAMPS 

E. F. Wackwitz: — In some of our States where there are laws 
prohibiting glare we find that most accidents are due to insufficient 
light, rather than to glaring light. While the laws specify the value 
of the light that should be given, and also the path it should take, 
they also state that there should be no glare. The Massachusetts law, 
I think, is a reasonable one, in that it defines only the path the light 
should take and states that there shall be no glare above 3% ft. In 
the ordinary head-lamp having the true parabolic reflector, everyone 
is thoroughly familiar with the result when the props are tipped 
down we get various results, but they are not altogether satisfactory. 
In one case, if the lamp filament is adjusted so as to get a pencil beam 
and the lamp is tilted down we get a streak of light from each lamp. 
If, on the other hand, we adjust to get a wider beam, it lacks length. 
Also, when adjusted for width of beam, we find it requires excessive 
tilting of the props, in which case it throws the strongest portion of 
the light near the car — ^when, as a matter of fact, the light should be 
some distance ahead. Had the bending or tilting of the props proved 
at all satisfactory, I do not believe a meeting of this kind would have 
been called. When the filament in a lamp is longer than the focal dis« 
tance, we get from any point in the reflector a fan-shaped ray, and 
while adjusting the filament would correct the beam from one-half of 
the reflector, that from the other half would show increased glare in 
proportion. 

Frosted lenses served temporarily to satisfy police officers, but 
the driving light was not satisfactory. It was improved, how- 
ever, when 50 or 60-per cent frosting was used, and properly 
placed in relation to the filament, that is, if the filament is placed 
back of the focus the frosted part should be at the bottom, in 
order that that part of the ray that is inclined upward will be dif- 
fused, and the upper part of the reflector, which throws the down- 
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wardly inclined rays, can be used for driving. In either case, 
whether the filament is placed forward or backward of the focal point, 
and the frosted portion placed correspondingly at the top or bottom, 
we have only one-half efficiency — one-half of the reflector throws a 
distant beam, the light from the other half being diffused. In fog, 
mist, or rain, this is very objectionable. 

Assuming that there was nothing better than the true parabolic 
reflector for head-lamps, the first corrections were made with the 
lens. These varied in character — ^in some the upper beam was thrown 
downwardly so that it would be parallel to that from the lower part 
of the refiector. These, and other modifications, were decided improve- 
ments over the frosting. With all these different types, we had both 
good and bad features; we had some objectionable features, which 
required entering another field. We tried out various devices that 
could be attached to the bulb, or to the refiector, in order that the light 
refiected from the lamp might be thrown on the roads without passing 
through a distorted lens. 

When a car is approaching, it is not difficult to determine whether 
the lamps are glaring. I believe that as long as reflected light is 
objectionable, or causes discomfort to pedestrians, or oncoming vehi- 
cles, it will be considered as glaring, and as long as there is no instru- 
mental measurement made there will be disputes as to whether a lamp 
glares; that is, if a given amount of light is required for safe driving. 

We believe that a device that corrects the beam, as in the case with 
some lenses, or with an adapter attached to the bulb, entails loss. 
There is loss in re-reflecting the ray from an adapting device, which 
throws a portion of the light to either the upper or lower part of the 
reflector so that its rays may be parallel with the correct working 
section of the reflector. To offset these losses, we concluded that cor- 
recting the ray at the reflector was the only solution. In testing out 
different devices we equipped the car with two pairs of head-lamps, 
spaced at equal distances, and tried them out in separate pairs under 
the same conditions, by operating a two-way switch. We used the 
same kind of bulbs, on the same batteries, on the same car, and with 
the same load in the car. 

SATISFACTORY REFLECTORS 

Of the different types of head-lamps and reflectors that received 
our attention, there were two which have proved satisfactory. These 
have been tried out in pairs, side by side, alongside of ordinary head- 
lamps tilted downwardly so as to arrive at their comparative driving 
values. One reflector consists of a distorted parabola, having two 
axes, the upper crossing the lower at an angle necessary to reflect all 
rays downwardly over a predetermined road area. The other is a 
parabolic reflector with a single axis and a parabolic curve that 
grows progressively larger from the top of the reflector, for 180 deg. 
on either side. Inasmuch as the focal point for any parabolic section 
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of this reflector is at a different point within certain limits along the 
focal axis, we have a focal space rather than a focal point, as with 
the parabolic reflector. With the filament properly placed within this 
space, and slightly above the local axis, all rays are inclined down- 
wardly. The light projected on the road is desirable for driving, and 
in length and breadth satisfies all legal requirements. 

Both of these reflectors, when accurately made, with a filament 
accurately made and placed, will show no glare. They will effectively 
illuminate the road for 150 or 200 ft. Reflectors can be so constructed 
that there will be no glare, and assuming that lamps are most efiicient 
when the correction of the beam is made at the reflector, and that the 
relation of the filament in the bulb to the reflector can be cared for in 
the adjustment, there seems no reason why such a device will not 
meet every requirement. 

Satisfactory results can be obtained only when every adjustment 
is right. The inclination of the beam should be such that it will not 
rise above the horizontal when the rear end of the car is loaded down. 
Where this is neglected, varying the load in the car is likely to pitch 
the light so that even at a distance of 100 ft. there may be direct rays 
as high as 6 ft. Better results, however, are obtained when adjust- 
ments are made to light a certain road area, say about 150 or 175 ft. 
ahead of the car. The driving light in this case will be more satis- 
factory, and there will be absence of glare above the horizontal, even 
when the rear of the car is loaded down. 

A great deal is claimed for the different reflectors, lenses and 
adapters now on the market. Even with 40 or 50-cp. bulbs, as used 
with some of these devices, it is impossible to see any great distance 
through fog. We find that diffusing devices illuminate the mist or fog 
directly in front of the driver, and thus render driving most difficult. 

J. T. Caldwell: — The subject of glare merits the consideration of 
all those in any way interested in improving night-driving conditions 
of automobiles. It is of particular interest to the Society of Auto- 
motive Engineers, the Illuminating Engineering Society, and the 
American Institute of Electrical Engineers, as well as to the manu- 
facturers of incandescent bulbs, reflectors and other equipment used in 
automobile lighting. 

Speaking from the standpoint of one interested in the manufac- 
ture of part of the lighting equipment — ^the bulbs — I am looking to the 
S. A. E. to decide upon the results that will best solve the problem. 
Once knowing the kind of lighting agreed upon as being best, the 
problem of producing those results must be solved by the manufac- 
turers of the equipment. 

GOOD HEAD-LAMP LIGHTING 

There are at present many varied opinions on this question as to 
what constitutes good head-lamp lighting. It may be of interest to 
present the views recently expressed in a lecture, Light Projection — 
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Its Application, given as part of a course under the auspices of the 
Illuminating Engineering Society and the University of Pennsylvania, 
at Philadelphia, in September, 1916, by Messrs. Evan J. Edwards and 
H. H. Magdsick, of the Engineering Department, National Lamp 
Works of General Electric Company. A part of this lecture follows: 

The opaque projectors find by far their greatest application as head- 
lamps for vehicles. The first object in equipping automobiles with head- 
lamps was to light the way ahead for the driver. It is desirable that the 
driver of an automobile be able to see his way for several hundred feet in 
advance, and since he must provide his own light, and direct it unfavorably 
for lighting the roadway, it becomes necessary to project at high intensity. 
It was the effort to accomplish this, as well as to give ease of control, that 
brought about the rapid change from oil and acetylene units to the electric 
system employing closely-coiled low-voltage filaments in deep projectors, 
giving both accurate control and high efficiency. The intensities now vary 
throughout a wide range up to hundreds of thousands of candlepower, with 
an average of about 25,000 cp. But the higher intensity head-lamps have, in 
solving the problem of lighting the road, introduced a new and serious prob- 
lem in that they temporarily blind the driver or pedestrian who happens to 
come within their angle of action. "Glare" is the one word most used in 
referring to the blinding effect of high candlepower head-lamps. 

Factors Involved in Glare 

It is generally agreed that the main factors involved in producing "glare* 
are included in the following: 

1 — The luminosity of the background. 

2 — Solid angle subtended by the source-projected-area at eye of observer; 
in other words, source size and distance. 

3- — ^Luminous intensity of source in direction in question. 

At the present time automobile head -lamps are in almost all cases less 
than 1 ft. in diameter, and thus the size can be assumed as a constant in the 
consideration of "glare." Taken under the worst possible condition — that is, 
driving on a country road, in complete darkness — the luminosity of the back- 
ground can be considered as zero. This is likely to hold true until all roads 
are artificially lighted at night. Thus, the luminosity of the background is 
also a constant at the present time as regards our problem when driving on 
the country road. This leaves but one controllable factor — the luminous in- 
tensity of the source in direction in question. 

At present the limit of intensity that is considered fairly safe, and yet 
endurable, is an unknown quantity and probably varies with almost every 
individual. An unaccustomed driver naturally cannot endure as high in- 
tensity as a person who has driven a machine for a long time under various 
conditions. We must all agree that an intensity of 100,000 cp. is bad, and 
yet if we were to cut this intensity to one-tenth of this figure, there is still 
a great deal of "glare," assuming the worst conditions as stated above. Up 
to the present time, np method of measuring the relation between "glare" 
effect and candlepower has been ado];>ted for a definite road condition ; this 
is unfortunate and makes it impossible to measure the interference with 
vision. Under the worst conditions, as stated above, there is still an inter- 
ference with vision, even with the lamps dimmed to almost the lowest degree. 
The candlepower must then be reduced to practically nothing before the 
"glare" completely disappears. On the other hand, a fiairly high intensity can 
be encountered by a driver without any marked interference if the roadway 
is illuminated, as, for instance, in the extreme case of driving in the daytime 
with the head-lamps turned on. 

Lighting Problems 

If the problem were only to eliminate "glare" it could be easily accom- 
plished by eliminating the head-lamp, but the problem presents itself from 
three standpoints: 

1 — The approaching driver. 

2 — The driver of the machine in question. 

3 — Safety to pedestrians and occupants of unlighted vehicles. 

We must, therefore, limit the "glare" effect and yet at the same time have 
high intensity at such angles that it will illuminate pedestrians, the roadway 
and all approaching vehicles at a distance of from 100 to 200 ft. The proper 
regulation should include not only a maximum permissible intensity at 
upward angles, but likewise the minimum intensity for road illumination. 
It thus seems that the light from the angles above, say 4 ft. from the ground, 
should be practically eliminated and the light in the lower angles below 4 ft. 
from the ground should be retained. There can hardly be any other way to 
give sufficient road illumination and at the same time eliminate the "glare" 
from the point of view of the approaching driver. 
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Several devices have been designed and many are on the market whose 
object is to reduce or eliminate "glare." Many of these reduce "glare" by 
decreasing the intensity of the beam, whereas others reduce or eliminate the 
upper light and redirect the intercepted light in downward directions. The 
simplest method of eliminating strong upward light is to tilt the head-lamps 
downward by an angle equal to one-half the angle of spread of beam. In 
most cases the head-lamps are not sufficiently accurate to give a well-defined 
beam. Another method is to set the light source back of the focal point of 
the reflector and cover the upper half of the door with an obscuring material. 
Another combination consists of an ellipsoidal upper half and parabolic lower 
half, which when perfectly made and adjusted gives no light above the hori- 
zontal. Still other devices consist of prismatic combinations designed to re- 
duce the upper light by bending the reflected rays downward and to the side 
of the road. 

Although each of the so-called "non-glare" devices now in general use 
may have its favorable point or points, none of them can be said to solve the 
problem completely. A lamp that gives no light above the horizontal has 
both its advantages and disadvantages when considered from the three 
standpoints mentioned. 

Owing to the fact that manufacturers and inventors of certain devices 
already on the market believe their product to be the best, it Is certain that 
all interested are not in agreement on the best solution of the problem at 
present. Therefore, it seems necessary to study the underlying principles and 
to conduct a series of tests as a foundation for future work. 

Then, after the illumination results are agreed upon the next step would 
be the development of the equipment to produce those results provided that 
such equipment does not already exist. After that it would be well to interest 
the law-making bodies of the various States in adopting a uniform regulation. 

SUGGESTED LAW 

Messrs. Edwards and Magdsick suggest that such a law can be 
expressed entirely in units of length and candlepower and might be 
worded as follows: 

'^Head-lamps shall not have an intensity exceeding a certain 
amount, say, 20 cp., at any angle above, say 4 ft., above a level road- 
way, and shall have an average intensity of not less than, say, 10,000 
cp., measured at equal vertical angular increments from the axis 
down to the road at a specified distance, say, 100 to 200 ft." 

William H. Conant: — I have previously contended that glare is 
primarily a question of optics and should be approached entirely from 
the effect upon the nerves and muscles of the eye. Quantity of light 
is of little importance except as a relative term. As the paper points 
out, what is glare in one set of conditions is not in another. The 
author is well advised in selecting the worst possible conditions for 
measurement and definition of this difficult term. I think perhaps he 
overlooks the point that in defining the quantity of light to be speci- 
fied at a point 4 ft. in front of and 5 ft. to the left of the head-lamps 
in question, he is leaving out of consideration the effect of other 
beaniB of the same light upon drivers who may be following the car, 
described in his statement as "the approaching driver," and others that 
may be following at a farther distance. It would seem then that, in 
addition to specifying quantity of light at a certain location adjacent 
to the car, it would be just as necessary to define the shape of re- 
flector in order that other rays than those enlarged upon in the paper 
should also be controlled and directed. 

AUTHOR'S CLOSURE 

J. B. Replogle: — The word "glare" is jargon, and was not in- 
tended to be used scientifically or ophthalmologically at all. I am not 
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talking about glare from an ophthalmological standpoint at all, but 
from the point of view of an automobilist interested in it as a head- 
lamp proposition, pure and simple. 

Dr. Bell has said that a 25-ft. distance is too short. I know it is, 
and suggest that the matter should be considered from a double stand- 
point — the "close" standpoint and the "far" standpoint; we could 
then determine whether the divergence of the rays was proper. If the 
divergence of the ray is sufficient at 25 ft., it certainly would be safe 
farther back. That is the reason I made 25 ft. as the closest point up. 

We must not only consider the subject from the standpoint of the 
driver of the automobile meeting the driver of an automobile, but from 
that of the driver of the automobile meeting a horse. The horse is 
not extinct yet, and he is not likely to be for a few years; until he is 
extinct we must consider the question from his standpoint, and he 
does not carry a head-lamp. Consequently we must not depend upon 
the illumination of the road by the approaching machine that is 
going to be "glared." We must depend on the illumination of the 
road by the head-lamp under consideration. 

Mr. Wackwitz considered mostly the methods of eliminating glare. 
There are just two ways of eliminating glare— decrease the light in 
the eyes of the approaching man or increase the light on the road- 
way. It can be accomplished in a variety of ways, but after all there 
are only those two ways of eliminating the danger. That is borne 
out by Mr. Wackwitz's statement that many accidents are reported 
due to insufficient light. That does not mean insufficient light in the 
eyes of the driver of the car, but insufficient light on the road. 

I believe we require a unit of glare. There is a vast amount of 
confusion in the minds of those who are trying to eliminate glare be- 
cause we have no precisely-formulated conclusion as to what glare 
is, and until we get that we are working in the dark. 

Mr. Caldwell quoted the statement that the only controllable factor 
is the luminous factor. I believe that we have two — ^the luminous 
intensity in the eyes of the driver and the illumination on the ground. 
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INDIANA SECTION PAPERS 

A STANDARD OF CARBURETER 

PERFORMANCE 

By Prop. 0. C. Berry 

(Non-Member) 

Carbureter performance is often reported in terms of engine 
performance. This may serve the purpose when it is desired to 
compare the merits of different carbureters for use on a given engine, 
but it does not throw much light upon the performance of the car- 
bureter itself. As a standard of carburetion, it is far from satis- 
factory. We ought to establish a standard of carbureter performance 
that would be expressed in terms of the ability of a carbureter to 
perform those functions for which it was designed. 

Opinions may differ as to the proper division of the requirements 
placed upon the carbureter and those placed upon the intake mani- 
fold of the engine, as both influence the quality of the carburetion. 
For this reason no attempt will be made to enumerate all of the 
functions that a carbureter should perform. We will probably agree 
that usually: (1) It must be a good mixing device ; (2) It must avoid 
decreasing the volumetric efficiency of the engine; (3) It must sup- 
ply the engine with the best mixture of fuel and air for each speed 
and load at which the engine is capable of running. 

(1) To be a good mixing device, the carbureter should cause the 
proportion of fuel and air to be the same in every part of the charge 
supplied to the engine. In order to do this to the best advantage as 
much of the fuel as possible must be converted into a gas, and the 
remainder must be so finely divided that it will float along in the 
air in the form of a fog. To gasify the fuel, heat must be added. 
This can be done by heating the charge of air, or by causing the 
fuel to impinge against a hot plate. Atomizing the fuel also helps 
in gasifying it. One of the best ways to accomplish this is to intro- 
duce it into a stream of rapidly moving air so that the directions of 
flow of the fuel and air will be nearly at right angles to each other. 
After the fuel has been properly atomized and gasified, it must be 
thoroughly and uniformly mixed with the charge of air. 

(2) An ideally perfect carbureter will supply the mixture at the 
engine throttle at atmospheric pressure and unheated. Under prac- 
tical working conditions it is obviously impossible to produce a 
carbureter for our present commercial gasoline that can meet this 
requirement perfectly, as condition (1) must also be met. There 
must be an appreciable vacuum in the body of the carbureter in 
order to produce the air velocities necessary to atomize the fuel, and 
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the addition of heat to the mixture is required in order to gasify the 
fuel sufficiently to get satisfactory performance, esi)ecially in the 
winter season. Because of both the vacuum in the carbureter and the 
heated mixture, the volumetric efficiency of the engine will be de- 
creased. 

The best carbureter that can be produced from this point of view 
will therefore be the one maintaining a sufficient vacuum to atomize 
the fuel properly and at the same time adding just enough heat to 
gasify the mixture. The amount of vacuum required will depend 



PiQ. 1 — View of Testing Laboratory at Purdue University 

partly upon the scheme used in atomizing and partly upon th6 char- 
acter of the fuel. The amount of heat required will also depend 
partly upon the way in which it is applied and partly upon the char- 
acter of the fuel. More and better experimental data are needed in 
order to determine how to atomize the fuel to the best advantage and 
how to apply the heat; also the pressure difference and the amount 
of heat necessary to produce the desired results with any given fuel. 

PROPER FUEL AND AIR MIXTURES 

(3) There is some difference of opinion as to just what the char- 
acter of the mixture should be, and how it should vary with the 
speed and load of the engine. Is it true that a comparatively rich 
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mixture is needed for proper performance when the engine is ran*^ 
ning slowly and unloaded, and that a lean mixture is needed for 
speeding? Or does the engine require the same mixture at all speeds 
and all loads? Is the mixture that will give the best efficiency the 
same as the one that will give the best power? If so, what is this 
mixture? If not, how much do the two mixtures differ, what are 
they in each case, and how much will the powers and efficiencies differ 
for these two mixtures? What is the maximum range of mixtures 
that can be used successfully in an engine to produce regular firing, 
and how will this range vary with the speed and load of the engine? 
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f^Ei^OLUTlONS PER MINUW 
Fio. 2 — Speeds and Loads at Which Tests Were Made 

How will the power and efficiency vary as the character of the mix- 
ture changes? 

Some experiments have been completed recently in the labora- 
tories of Purdue University in an attempt to answer these questions. 
The tests were run on a Haynes "Light Six" engine connected to a 
Diehl electric dynamometer. The set-up is shown in Fig. 1. The 
gasoline was piped from the gasoline tank A into a 2-qt. vessel placed 
on one of the scale pans. In order to give the balances freedom of 
motion, the gasoline was siphoned from this vessel to the carbureter. 
The balances B were capable of weighing the gasoline to the one- 
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hundredth part of an ounce, and were equipped with electrical con- 
tacts so that when they came to a balance they would start a stop- 
watch, a revolution-counter on the end of the engine shaft and would 
ring a gong on the air meter. This made it possible to take all of 
the readings at the same time. 

DESCRIPTION OF TESTS 

The air was measured through an Emco No. 4 gas meter C, 
reading in cubic feet, so that tenths of a cubic foot could be esti- 
mated. The meter was connected to the carbureter by rubber tubing, 
which was kept from collapsing by a coil of wire inside of it. The 
barometer was read, together with the temperature of the air to and 
from the meter, the pressure drop through the meter in inches of 
water, and the wet and dry bulb thermometers on a hygrometer. In 
this way the amount of air could be measured to within 1 per cent. 
The air leaving the meter was maintained at a temperature of about 
90 deg. F., thus insuring sufficient heat in the mixture. 

The supply of cooling water for the engine in tank D was kept 
between 125 and 135 deg. F. It was caused to circulate through the 
engine jackets by the pump regularly supplied with and driven by the 
engine. 

The speed of the engine was read on a tachometer, as well as 
being computed from the stop-watch and revolution-counter read- 
ings, giving a good check on this important factor. The brake load 
on the engine was read by means of a sensitive set of Fairbanks 
scales, thus making it possible to compute the power developed by 
the engine to a satisfactory degree of accuracy. 

Tests were run at the different speeds and loads indicated by 
the crosses on Fig. 2. The maximum brake load that the engine could 
maintain is about 100 lb., so that the loads were about zero, one- 
quarter, one-half, three-quarters and full. At the speed and load 
represented by each one of the crosses a set of tests was run in which 
the mixture of fuel and air was varied while the throttle opening 
was kept constant, and the brake load was so varied as to keep the 
speed constant. This was accomplished as follows: The carbureter 
was adjusted so as to give a mixture yielding good power and the 
dynamometer (F) and engine throttle were then adjusted to give the 
desired load and speed. For example, a load of 50 lb. and a speed 
of 1300 r.p.m. were selected to obtain the curves shown in Fig. 3. A 
test was then run at this speed, load and mixture, and the weight 
of gasoline per pound of dry air in the mixture, the power developed 
by the engine and efficiency computed. This gave the first point on 
the curves in Fig. 3. 

The mixture was then made slightly richer by opening the gaso- 
line needle, the throttle opening remaining the same, and the brake 
load being adjusted to bring the speed back to 1300 r.p.m. A second 
test was made under these conditions, and a point on each of these 
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curves determined. This was repeated until the mixture finally be- 
came so rich that the engine would miss and could carry but a frac- 
tion of its original load. The mixture was then brought back to ap- 
proximately the original point and a set of tests run with increasingly 
leaner mixtures until the engine could no longer perform properly. 
In this way the power and efficiency curves, Fig. 3, were completed. 
A similar set of tests was run at each of the speeds and loads indi- 
cated in Fig. 2, and curves similar to Fig. 3 were drawn in each case. 
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The vertical line in Fig. 3 (at 0.0671 lb.) represents the theo- 
retically perfect mixture of fuel and air, or the one in which there 
is just enough oxygen in the air to burn the fuel and no excess of 
either fuel or air exists. The curve shows that the engine will run 
with a mixture of less than 0.055 lb. of gasoline per pound of air, 
but will not pull well with so lean a mixture. As more fuel is added 
the power will increase rapidly until nearly full power is reached, 
when the curve becomes almost horizontal, increasing slowly to a 
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maximum, then decreasing slowly for a time, but finally reaching a 
point where it falls off rapidly. The richest mixture with which 
we were able to run the engine was 0.155 lb., or nearly three times 
as rich as the leanest mixture. The engine will carry nearly full 
load with a mixture as lean as 0.065, or as rich as 0.115 lb. In other 
words, a carbureter can be adjusted with as lean a mixture as can 
be used to carry full load, and the amount of gasoline can be nearly 
doubled, without greatly affecting the power capacity of the engine. 
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Fig. 4 — Performance Curves at Half Load with Different Speeds 



POINTS OF HIGHEST EFFICIENCY AND POWER 

It is practically impossible to stand by the side of an engine 
mounted on a test block and distinguish any difference whatsoever 
in its performance as the mixture is being changed through this 
range. A listener standing with his back to the engine could not 
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tell at any point within these limits whether the mixture was being 
made richer or leaner. The effect of this change upon the efficiency 
of the engine is very different. The point of highest efficiency 
seems to fall almost exactly on the point of the theoretically perfect 
mixture. As the mixture is made richer than this the efficiency will 
decrease even while the power is increasing slightly, and will de- 
crease rapidly after the point is reached when the power is also de- 
creasing. Thus the point of highest efficiency comes with a mixture 
of 0.0671 lb., while the point of highest power is found near 0.08 lb. 
The efficiency of 16.2 per cent will be recognized as good indeed for a 
gasoline engine running at half load. 

In Fig. 4 is shown a set of these curves taken at about half load, 
but at different speeds from 400 to 1600 r.p.m. They show that the 
mixture for maximum power is not noticeably affected by the speed, 
but that at high speeds the engine cannot hold up its power with 
quite so much excess fuel as at lower speeds. With leaner mixtures 
the power holds up about equally well at all speeds. The efficiency 
curves are not given in this figure but the tests show that the high- 
est efficiency is developed with the theoretically perfect mixture in 
each case. 

Fig. 5 shows a set of these curves for a speed of 1000 r.p.m., but 
for about one-quarter, one-half, three-quarters and full load. These 
curves show that at full load a slightly wider range of mixtures 
can be used than at light loads. The point of best power comes at 
about 0.08 lb. in each case, however, so that the curves simply show 
that with an open throttle, and a consequently higher compression, 
a mixture can be exploded which is a little further removed from 
normal than is the case with the closed throttle. The efficiency 
curves are not shown in this figure, but the point of highest efficiency 
comes at about 0.0671 lb. in each case. 

EFFECT OF MANIFOLD CONSTRUCTION 

The point may well be raised that the engine used had a wet 
manifold, and that the curves here shown are therefore not theo- 
retically perfect. As a matter of fact the engine was chosen for 
its fine reputation for being able to fire regularly under adverse 
conditions in service. It upheld its reputation with us in a satisfac- 
tory manner. The intake manifold was entirely inside of the block 
casting, and was heated by the jacket water, as well as by the 
exhaust gases as they passed out to the exhaust manifold. We felt 
that the manifold construction was good, and that even a perfectly 
dry manifold could not have changed our results appreciably. 

These curves offer an explanation of why it is that in two cars 
of the same make, both having good power, good acceleration and 
smooth running engines, one can travel 10 miles on a gallon of gasoline 
and the other 15 miles. One will have the carbureter adjusted so as 
to get a powerful, but lean and therefore efficient mixture, while the 
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other carbureter will be adjusted to give too rich a mixture. This 
fact will suggest a rule to follow when adjusting a carbureter. De- 
crease the quantity of gasoline until the engine loses power and then 
increase it slowly until good power is restored, but not a notch 
beyond this point. 
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Fig. 5 — Brakb Horsepower Curves at 1000 R.p.m. with Different Loads 

There are numerous carbureters on the market which are not 
capable of much adjustment, but which will run on cold or on warm 
days equally well. They may enable the engine to start easily and 
still hit every cylinder after it is warmed up. They accomplish this 
in spite of the fact that a greater weight of cold than of warm air 
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can pass through a given oriiicey while the increased viscosity of the 
gasoline will cause less cold than warm gasoline to pass. Thus with 
the same carbureter adjustment the mixture is necessarily leaner 
when the fuel and air are cold than it is after they have become 
warmed up. This seemingly good practical performance of the simple 
or so-called fool-proof carbureters is due to the wide limits between 
which the mixture is capable of giving good power. The efficiency 
of these carbureters is low, for when they are adjusted so that the 
mixture is rich enough to start the engine readily, it will necessarily 
be too rich for the best efficiency after the engine becomes warm. 
This same line of reasoning shows the value of having a good means 
of adjusting the carbureter placed where it can be reached from the 
driving seat while the car is in motion. 

author's conclusions 

A wide range of mixtures of gasoline vapor and air can be used 
in an engine to give regular firing in all of the cylinders. At half 
load and mid-speed on an automobile engine any mixture between 
0.055 and 0.155 lb. of gasoline per pound of dry air can be fired, 
and practically full power will be developed between the limits of 
0.065 and 0.115 lb. The highest power will be developed with a 
mixture of about 0.080, while the best efficiency will accompany the 
theoretically perfect mixture of 0.0671 lb. A change of engine speed 
apparently does not affect the mixture at which the best power or 
the best efficiency will be realized, or the ability of the engine to use 
the leaner mixture, but at the higher speeds a smaller amount of 
excess gasoline can be used successfully. A change in load does not 
noticeably affect the points of highest power with reference to mix- 
ture ratio or efficiency, but at the higher loads a wider range of ex- 
treme mixtures can be used. The engine can run idle with as wide 
a range of mixtures as it can use when pulling a good load. 

The set of tests described is only one step in the large task of 
mastering the subject of the proper carburetion of petroleum fuels. 
Purdue University plans to continue its investigations, and it is 
hoped that other experimental laboratories of the country will 
join in publishing their accumulation of information upon this sub- 
ject and enable us as a nation to get the most out of the use of our 
limited supply of fuel oils. 

DISCUSSION 

A. P. Brush: — Will Professor Berry state why the maximum 
power output is not coincident with the theoretically perfect mixture? 
Also, at what point in the enriching of the mixture does soot begin to 
appear on the spark-plug? 

Prof. 0. C. Berry: — Two factors tend to enable the richer mix- 
tures to give higher power than does the theoretically perfect mixture. 
In the first place the fuel is probably never quite uniformly mixed 
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with the air, so that when the total air and gasoline are in proper 
proportion, some parts of the mixture are too lean. Then when a 
rich mixture ia used the hydrogen tends to burn in preference to 
the carbon, leaving a deposit of carbon in the cylinder. The effect 
of this upon the power of the engine may be understood by analogy 
to the case where methane, CH4, is burned. To burn 1 cu. ft. of 
methane requires 9.56 cu. ft. of dry standard air, and will produce 
1072 B.t.u. To burn the hydrogen out of 2 cu. ft. of methane will 
require the same amount of air, but will produce 1392 B.t.u. Thus 
more power can be produced by the seconcf method of burning. 

My opinion is that the sooting is in almost exact proportion to 
the excess of fuel used, but that the effect in depositing carbon on 
the plugs will be much more noticeable when the mixture is rich 
enough to cause the engine to ''miss" occasionally. 

A. P. Brush: — All of us have seen engines that run in service 
and on the dynamometer without visible carbon deposit on the spark- 
plugs. I would like to determine the point in the mixture at which 
discoloration from carbon begins to occur. It would then show us 
the practical running range of mixtures. 

We might define the practical running range of mixtures as from 
the theoretically perfect mixture to that point at which carbon begins 
to be deposited. It would be a valuable contribution if such a point 
could be determined before Professor Berry's apparatus is dismantled. 

USE OF LOW-GRADE FUEL 

J. W. Esterline: — We have made an extensive investigation 
dealing with the use of low-grade fuels in automobiles, and that part 
of the investigation which was assigned to me was the burning of 
fuels in the form of a gas, rather than in the form of a vapor. We 
ran several cars on kerosene and fuel oil, however, and had the novel 
experience of going around the Speedway at 50 m.p.h. on some crank- 
case oil that a racing driver left in one of the cans in the pit. 

We succeeded in obtaining a device that gave sufficient gas at a 
uniform pressure, at sufficiently low speed and at sufficiently high 
speed to operate the engine under practically all conditions of running. 
The device was simple, devoid of moving parts and could be regulated 
in an excellent manner. One car was run 3200 miles and the cylinders 
were clean at the expiration of the test and appeared to be well 
polished inside. There was no residue left either in the cylinders or 
in the gas generators. 

We had no difficulty in getting the mixture to ignite. There was 
no smoke and no smell. The engine efficiency was higher when running 
on gas mixed with air than when running on a vapor from a modern 
carbureter. On one test we selected a sample of gasoline with a given 
number of thermal units per pound and a sample of kerosene with 
the same heat value. The gasoline and the kerosene were both used 
in the same engine, the gasoline being admitted through a modern 
carbureter and the kerosene through the gas generator. Tests showed 
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that the efficiency on the kerosene was from 15 to 20 per cent higher 
than on the same engine running on gasoline and with the carbureter 
most advantageously adjusted. 

In most of our work we utilized the exhaust heat from the engine 
for producing the gas. The only problem met was that of getting a 
production of gas at sufficiently low speed and an amount of gas 
proportional to the requirements of the engine at all times. This 
was successfully done, however, and the engine operated without 
difficulty. 

The temperatures of the gas used were quite high, and our results 
showed that no doubt it would be necessary to design the engine to 
burn fuels at such temperatures. 

We drove four different cars a total of seven or eight thousand 
miles, and reduced the operation of the apparatus to a point where 
it was quite reliable. An engine running on a gas produced in this 
manner is powerful, snappy and flexible and is at all times clean, 
provided the proper amount of air is mixed with the gas. 

F. E. MosKOVics: — Was any attempt made to analyze the exhaust 
for various mixtures? 

Prof. O. C. Berry: — They were not analyzed, as these chemical 
analyses require considerable time, which was not available. 

HEAT IS BEST REMEDY 

V. R. Heftler: — Mr. Mock started his paper by recommending 
heat and small manifolds. The question of small manifolds is one 
that is very interesting. In our work we have found it advisable to 
have a ready means of determining gas velocities. We have found 
what we call the nomograph a convenient means of making calculations. 
This is based on the slide rule and the scales are slide-rule scales. 
They are extended or contracted according to what exponent of the 
quantity is used and are shifted one way or another according to 
what factor is to be used in multiplying that particular quantity. 

I do not know what Mr. Mock's idea of a small manifold is — that 
is, how small can it be? That is a matter of compromise, but I would 
like to know where in his opinion it is wise to stop. I suppose the 
gas velocities depend on the sort of manifold. With a dry manifold 
the size can be greater. A wet manifold must be a very small one 
if we want to get good action. We have found in our experience that 
heat is a remedy for most carburetion ills. 

If heat is applied to the manifold, the mixture range can be much 
closer to the ideal of smaller range, or we have high power and 
economy. If heat is not applied the mixture is wet. If we do not want 
to adjust the carbureter constantly, we must keep the mixture rich 
enough so that the lighter elements will be present in large enough 
quantity to keep the engine running under all conditions. Heat will 
therefore help economy. It will have its effect on the condition that 
exists when the throttle is opened. If a manifold is heated, the wet 
condition described will not obtain to such an extent; on opening 
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the throttle, there will be more gas in the manifold. With a good 
manifold the throttle can be opened as quickly as desired and there 
will be no bark. 

This explanation of what happens when the throttle is opened 
disposes of the wrong theory that for acceleration a rich mixture is 
needed. I believe Mr. Mock's explanation sets forth what we need. 
We may need more gasoline from the' carbureter but we need the 
same mixture in the engine. That we need more gasoline at the carbu- 
reter to keep the same mixture at the cylinder is due to the time neces- 
sary to pass from a dry to a wet manifold. This will not happen if the 
manifold is properly heated. With such a manifold and with one not 
too large, acceleration can be obtained without any sacrifice of economy. 

Frederick Purdy: — A manifold takes the mixture from the carbu- 
reter, which we assume has delivered at the throttle, or a little back of 
it, a proper mixture for the load at which the engine is running. It is 
my impression that what we really want all the time is a theoretically 
perfect mixture or as near it as we can get. It is quite absurd to 
assume that the mixture that gives the highest mean effective pressure 
is the mixture that we want all the time. 

There are many curves inside the manifold. We cannot make them 
straight and feed all the cylinders. They cannot always have an 
even rise and an even length. If the manifold is not uniform through- 
out its length, the gas velocities must change rapidly, no matter 
whether the car speed is accelerated or retarded. 

Mr. Esterline called attention to the fact that in a carbureter or 
in the device he used he got higher efficiency. I attribute that to the 
fact a gas was used. I saw some beautiful experiments made in 
Joseph Tracy's laboratory a couple of years ago on the burning of fuel 
oils; a portion of the oil was burned and the flame put out, but this 
portion raised the temperature of the remaining fuel to a point where 
a gas resulted, because the chemical composition of the material was 
changed. 

NECESSITY OF ATOMIZATION 

It has been said that a vapor was intended to be used in the original 
combustion engine. I believe the original one was developed to use a 
manufactured gas. A vapor is substantially a gas in which the par- 
ticles are exceedingly small; the smaller they are the more nearly 
possible it will be to carry them when air is not present. For the same 
reason, fine dust will float, because of its own surface tension and the 
quantity of air it carries on its surface; the finer the gasoHne is 
broken up, the more it will be subject to the movement of the air. 
The larger they are, the less subject they are to the movement of the 
air, so the more they will be affected by inertia. The best atomizing 
carbureter is desirable, largely for this reason, it seems to me. The 
finer the atomization, the more nearly gas will respond to the changes 
air is subject to, and that is the crux of this situation. 
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I am not an advocate of extreme temperature, because I do not like 
to reduce the volumetric efficiency of the engine. In 1906, the bigger 
the engine, the better the car was considered to be, and the more we got 
for it, but conditions are different to-day. We use the smallest engine 
that will drive the car. The engine must be made just as efficient as 
possible. There is no advantage in reducing the volumetric efficiency 
in order to use gas at a high temperature. The economy will be higher 
when a higher temperature is used, because the gas will be vaporized 
and will be in almost a molecular condition. 

We can only add a certain quantity of gasoline to the air and have 
it evaporate. That quantity at moderate temperatures is not sufficient 
to make a satisfactory running mixture so that a wet manifold is 
required. The object of a small manifold is to keep the speed so high 
that gasoline will be carried along the walls of the manifold at a uni- 
form rate. The only reason for using a smaller manifold is because 
it is wet. It will not take up any more of the gasoline because it is 
running fast. If the air is passing fast enough over a body it will 
carry the gasoline along in small units, so that it will feed into the 
cylinder at a uniform rate. 

The smaller manifold is not altogether the answer to the problem. 
I cannot say what the quantity of gasoline is that will be carried to 
the manifold in suspension. When the engine is cold, the air going 
into it is colder and heavier. The volume taken in is not greater, but 
the weight is, and it is pounds that count, not cubic feet. When the 
engine is cold, more fuel is needed. The air weighs more, so that the 
mixture is actually thin when it gets to the engine. In going over a 
moimtain, the volume or cubic feet of air is the same, but the air is 
of lighter weight and the fuel supply must be decreased to balance it. 
The situation is reversed when the air and engine are cold. If the 
manifold is smooth enough, the mixture will be carried along the side 
more uniformly. Vents in the carbureter provide means for changing 
the speed of air slowly so that the inertia of the mixture will not 
stop it. If the mixture in the manifold is subject to changes in speed, 
and the elements are not thoroughly evaporated, the speeds must be 
changed so slowly that each element of the mixture can be kept up to 
the other. The heavy element will lag behind, otherwise. In some 
carbureters this is taken care of with a dashpot and some take care 
of it in other ways. If the direction of movement of the mixture is 
changed less rapidly, there will be a good deal less engine trouble. All 
the good engines that seldom miss are built with manifolds so that 
there is not such a rapid change in the speed or direction of movement 
of the gas. 

MORE INTIMATE MIXTURE REQUIRED 

A. P. Brush : — We have been told manifolds should be kept small, 
so they can handle liquid; that they should be heated, so there will not 
be any liquid. Is one or the other, or a little of both necessary? We 
have been told manifolds should not have comers, because that would 
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make the fuel separate from the air ; that the comers, which we should 
not have, should be heated, so that the fuel will be evaporated. Is it 
all of one, or a little of both? 

I would remind you, in analyzing this subject, it must be remem- 
bered that liquid fuel is never burned; that a gas is never burned. 
The only thing that is ever burned in an internal combustion engine is 
a mixture of one gas with another; some hydrocarbon gas combined 
with two gases, nitrogen and oxygen. After all, we are building gas 
engines, and all the fuel is gasified before it begins to bum, and is 
mixed with sufficient intimacy with the oxygen to burn. 

My belief is that we should do everything possible to secure segre- 
gation as promptly as possible after the fuel leaves the nozzle. It 
should be secured before the first bend of the manifold has been met or 
at that point. Two forces can be used to induce segregation — 
inertia due to a change in direction of the flow, and gravity. A drop 
of liquid is affected by gravity and will fall out of the air-stream if 
the velocity is sufficiently low. It seems to me, in place of trying to 
use small manifolds with few bends and putting the liquid into the 
engine and vaporizing it too late to secure a sufficiently intimate 
mixture with the air, so that it can all be burned, we should use this 
early segregation and throw the fuel into the air-stream in the shape 
of a fixed gas. Thereafter each bend and every change in fiow pro- 
duces a more intimate mixture between gasified hydrocarbon and the 
air. 

The question of supplying heat in connection with carburetion 
should be studied from the standpoint of what we desire to accomplish, 
which is the vaporization of the liquid fuel with the least possible addi- 
tion of heat to the entire mixture. 

If all the manifold is heated enough to vaporize fully the fuel, the 
air is also heated to such an extent that the power output of the 
engine is reduced an undesirable amount. The same thing is true if 
the air is heated enough to vaporize fully the fuel within the time of 
its passage to the manifold. 

The proportion of vaporized fuel to air should be only about 1 to 
15; assuming that the entire amount of the fuel must be heated to 
400 deg. F. to vaporize it completely, and that the air is not heated at 
all, then complete vaporization of the fuel will increase the tempera- 
ture of the entire mixture only about one-sixteenth of 400, or about 
25 to 30 deg. 

The suggestion I make may and probably will prove to be the 
method of doing what we have been told we ought to do, but we have 
not been told how to do, namely, keep the density high enough to ob- 
tain good volumetric efficiency and not be in trouble winter or summer. 
If we can keep the air away from the vaporizing surface and make 
the fuel lie against that surface until vaporized, we are sure of a 
mixture which follows the flow of the manifold throughout its length 
and it is impossible to get too much heat into the mixture. 
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CARBURETER SHOULD USE ALL FUELS 

I would like to raise the question as to whether a kerosene carbu- 
reter would be a desirable instrument if it could be secured. If we 
should originate a carbureter that would run on kerosene and would 
not run on gasoline, I wonder if we would not reverse the present con- 
dition between kerosene and gasoline. Is not that carbureter and mani- 
fold arrangement which will handle a combination of all the non- 
viscous products of petroleum distillation the ideal device so far as 
petroleum-derived fuels are concerned? 

Frederick Purdy: — Some time ago a carbureter was developed in 
which the primary mixture was carried in a small tube that was 
heated, alongside of which a great quantity of air was carried. This 
design did not prove to be very successful. I think Mr. Brush's idea 
is excellent and that it can be carried out successfully if we can find 
a way of doing it without having to use too massive a construction. 

A. P. Brush: — My judgment is only that the manifold should be 
large enough. I believe that a horizontal portion of the header might 
be provided with a heated trough narrow and small enough to have 
small effect on the major air-stream, but so located as to take care of 
any condensation of the gasified fuel. I doubt that any perceptible 
condensation would occur in the largest manifold with the lowest-speed 
engine between the time of evaporization and delivery into the 
cylinders. 

I believe the ponderousness of such a carbureter is not the problem 
of the carbureter man, but of the engine man. The former is through 
when he gives us an instrument that delivers a correctly proportioned 
mixture of hydrocarbon fuel and air. From there on, it devolves upon 
the designer of the engine. All of the energy and money and time 
that the carbureter companies have spent in devising means for giving 
a temporary excess feed of gasoline to compensate for defective mani- 
folds has been due to our neglect or misunderstanding of the problem ; 
the carbureter designer has been forced by the engine designers to 
make his instruments less perfect than they were before that line of de- 
velopment was started. 

VARIATION OF SUCTION 

C. p. Grimes: — I would like to substantiate Mr. Mock's statement 
regarding the variation of suction. On a recent hill-climbing test, if 
the suction in the manifold fell below 2% in. Hg., we could not climb 
the ascent, regardless of the make of carbureter or the size of the 
manifold. In our case it resolved itself into the question of whether 
we wished to close the throttle or build a manifold with a choke of 
the proper size, thus necessitating a compromise with speedway per- 
formance. 

V. R. Heftler: — One of the most successful airplane engines used 
in France not only has the heated manifold, but also has hot air intro- 
duced in this way: all the exhaust passes around the intake. The 
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intake is in the center of the exhaust muffler. At the high altitude at 
which these engines are designed to operate the temperature is so 
low that no heating arrangement can be too efficient. 

A Member: — I would like to ask Mr. Brush if the gasified fuel will 
be precipitated out at 150 deg. if it has been mixed properly with the 
air, or if the affinity will keep the two in suspension in a saturated 
form. The mixture is precipitated out, but only the excess leaves as 
the air temperature changes. Is the temperature of the air in the 
manifold low enough so that the proper amount of gas to give a proper 
mixture will precipitate? 

A. P. Brush : — Taking both air and fuel at running temperatures, 
there is not time enough to vaporize the fuel from the delivery at the 
jet to the ignition at the spark-plug. The air in this room is probably 
so much below the saturation point with water at this temperature that 
it would take up a pitcherful of water. At the same time, I might 
throw a glass of water into the air, and the major portion of it would 
come down. Some of it would evaporate, but a very small part. I 
might spread the same amount of water over a sheet of cheese cloth, 
spreading it over a large surface, and that cloth would dry and the 
water would be in the air. There is no question that the time is too 
short for natural evaporation to diffuse the fuel. I am sure that even 
if the air is given heat enough, in time, to vaporize the fuel, it does 
not get to the fuel fast enough and that considerable-size drops of fuel 
pass into the engine as such. 

A Member: — I am not sure that a proper amount of gas will pre- 
cipitate, but I thought it might from the fact that precipitation occurs 
from mixtures that have also been highly atomized. WJien a mixture 
leaves the jet, it certainly cannot form much of a stream ; it is at least 
nebulous, but it does condense, even after that. The vapor is almost 
in a molecular state, so it is not likely that it will condense as rapidly 
as if merely nebulous. 

F. C. Mock: — The subject of carburetion is so broad and practical 
in every detail, that it is hard to tell where to start. Our present 
engines have not changed from the orig^inal design, which was intended 
to operate on gasoline vapor and air, but the fuel available has changed 
so we cannot always have gasoline vapor. I think that a great part of 
our trouble with engine operation is due to inefficiency in the gas 
charge. When we do not have proper fuel, the engine does not run 
right. When particles gather in liquid form, we cannot further con- 
trol the flow, regardless of the care taken in design. 
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OVERHEAD VALVE PROBLEM OF AN 

ALUMINUM ENGINE 

By a. L. Nelson 
(Member of the Society) 

The day is not long past when a clearance between the tappet and 
the cam of 1/64 or even 1/32 in. was prevalent in valve mechanism. 
Year by year this clearance has been decreased in order to quiet the 
valve mechanism until now one of 0.003 in. is not considered ex- 
cessively close for some types of engines. 

The reason for this reduction of clearance is that the engine speeds 
have been greatly increased ; the standard of quietness of valve opera- 
tion has been raised even more in proportion than have the engine 
speeds. 

The clearance between the end of the rocker-arm lever and the 
valve stem of the aluminum engine with valve-in-the-head construc- 
tion and camshaft in the crankcase has an even more serious effect 
than its influence in producing noise, as will be pointed out later. The 
vertical expansion of the aluminum cylinder case is about twice as 
great as that of cast iron. Even for the cast iron construction the 
valve-in-the-head engine has gone on record as being a noisy type. 
Experience shows that with the ordinary type of valve mechanism 
the aluminum engine is even more noisy. 

The object of this paper is to show how the disadvantages of the 
valve mechanism of the valve-in-the-head aluminum engine can be 
completely eliminated by a simple change of the conventional cam. 

DIFFICULTIES WITH CONVENTIONAL CAM 

The conventional type of cam when adjusted with a valve-stem 
clearance to give satisfactorily low valve closing and lifting veloci- 
ties at the working temperature of the engine would hold all the valves 
open when the engine was cold. This can be explained by reference 
to Fig. 1, in which cam 1 operates lifter 2, and by lifter-rod S rocker- 
arm lever ^ lifts valve 5. The rocker-arm lever shaft 6 is fastened 
to the cylinder head 7 by a bracket 8, When the cylinder case 9 is 
brought to its working temperature its vertical expansion is greater 
than that of the lifter-rod, since the former is aluminum and the 
latter steel, and also because the cylinder is subjected to a wider tem- 
perature range. Because of the unequal expansion of these two mem- 
bers, the rocker-arm lever shaft is raised more in proportion than is 
the top of the lifter-rod. Assume that the engine has the desired 
valve-stem clearance when hot. Then when the engine is stopped and 
cools, the reverse of the above expansion takes place; the valve-stem 
clearance is decreased, not merely on account of the differing ratios of 
expansion of the metals, but it is multiplied by the ratio of distance 
B to A, which in our case is 2.348. 

328 
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It has been found by experiment that the valve-stem clearance has 
to be at least 0.013 in., so that the valves will retain sufficient clear- 
ance to start a cold engine. With this clearance and the conventional* 
cam, the valves opened and closed with such high velocities that the 




Fig. 1 — Ovbrhead-Typb Valvb Mechanism 



valve action was entirely too noisy. The impact on the valve seats and 
on all the valve-mechanism parts made the wear very appreciable. 
The clearance would not hold up without frequent adjustment. It 
therefore became necessary to make a radical change in the method 
of operating the valves. The simplest method which analytically, as 
well as practically, proved to be the most satisfactory was worked out 
by a change in the conventional cam. 
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COMPARISON OF CAM CONTOURS 

Fig. 2a shows the conventional while Fig. 2b shows the new cam 
contour. The new cam is virtually the conventional with 0.020 in. 
taken off the diameter of the base circle and with a tangent drawn 
from point A to the new base circle. The time of opening the valve is 
made earlier on the new cam for reasons to be shown later and in 
order to keep the mean valve-lift the same. The lift of the valve for 
the added angle is only 0.004 in. while the angular increase is 3 deg. 
52 min. That is, the first part of the lift is so slow that the valve has 
to be given an earlier start corresponding to the backlash angle of 
the old cam. 

As the valve-stem clearance is increased by wear the timing ap- 
proaches the desired theoretical tiimng and then passes it, instead of 
always working away from it as in the conventional method. This 




Fia. 2a CONVBNTIONAL CAM CONTOUR PlQ. 2b CONTOUR OP NBW CaM 

gives the new cam a wider range to compensate for careless adjust- 
ment or neglect. 

The tangent from point A to the base circle can be replaced by a 
curve. However, the backlash angle of the tappet will be materially 
increased, giving less space for the uniform base circle and thus 
making it inconvenient to adjust the valve stem. The action of the 
new cam and the defects of the old can best be explained by exhibiting 
the mathematical analysis in the form of characteristic curves of the 
cam motion. For sake of completeness the acceleration curves will also 
be given, although they will not be discussed. 

ANALYSIS OF MUSHROOM FOLLOWER CAM MOTION 

The motion of the cam will be divided into three parts for consid- 
eration. Fig. 2b shows the details of the cam. Fig. 3 shows the cam 
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drawn out of scale to illustrate what will be called the ''preliminary 
motion." This motion raises the tappet to take up the valve-stem 
clearance. When point A reaches the center-line of the tappet the 
''lower motion" begins. This continues as long as the cam-flank 
radius R is in contact with the tappet. The "upper motion" is that of 
the tappet while in contact with the cam-peak radius tz. 

Equations of the "Lower Motion** 

In Fig. 4 the tappet is shown in the "lower motion," 8 being the 
space the tappet has moved corresponding to the angle B, which the 




Fig. 3 — "Prbliminart Motion" op Cam Fig. 4 — "Lower Motion" op Cam 

cam has turned through since the point A left the tappet center-line. 
From right angle triangle MCG, GF = n + « and angle CMG = 

MG R —jn + 8) 

'mC' ^ R^n~~ 

ri) — (R—-rt) co8e=zh (1- 



C08 B =■——- = 



\8= (R- 



€08 0) 



(1) 



The velocity and acceleration of the tappet will be obtained from 
equation (1) by differentiation. The velocity is the instantaneous time 
rate of change of the space passed over and the acceleration is the 
instantaneous time rate of change in the velocity. These relations ex- 
pressed by differential notations are as follows : 
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(fa dv ,„. 

where v and a are the velocity and acceleration respectively of the 
tappet. Expressing in radians then for any constant angular 
velocity of the camshaft 

dO 2nN TriV 



dt 60 30 
where N is the speed of the camshaft in revolutions per minute. 
Then from equation (1) 

ds , . ^de 

irN dB 
Substituting — - = and dividing by 12 to get the result ex- 
30 dt 

pressed in feet since the cam dimensions will be kept in inches, 

w 

V = — - — — N 6 sin ^ 
12X30 



= 8.73/^-^^ 
\^1000^ 



b sin e (6) 



Differentiating, equation (5) gives the acceleration in feet per 
second per second as 

a = — — __ _iV b cos 0-—- 

dt 12 X 30 dt 

N* b cos S 



12X30 



= 914(jq5qJ bcos(? * (6) 

The velocity and acceleration of the valve is that of the tappet 
times the ratio of the valve lift to the cam lift. It must be borne 
in mind that equations (1), (5) and (6) only apply for values of B 
falling within the "lower motion." 

Equations for the ** Upper Motion** 

In like manner from Fig. 5 the equations of the tappet for the 
"upper motion" are derived. 

1 I ff«'= (n — ri)+^iCos<?' (7) 

"' = -^'•''(1550)^^^"^' (^) 

a^ = ---914(~\ h^cosB^ (9) 
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where s' is the lift of the valve (in inches) after point A passes the 
tappet center-line, t/ is the corresponding velocity in feet per second, 
and a' is the corresponding acceleration in feet per second per second. 
It should be observed that with the cam in position shown in Fig. 5, ^ 
is generated negatively, hence v' will be positive, since the sine of a 
negative angle is negative. However, a' will remain negative, be- 
cause the cosine of a negative angle is positive. 

It follows from Fig. 3 that the maximum value of ^ = a — $o and 
that 

. ^ NL ^sino 

Equationa for the "Preliminary Motion" 

Again in like manner and from Fig. 3, the equations of the tappet 

of the "preliminary motion" are derived. 

— ap = n (1 —cos Op) (11) 

N 
vp = — 8.73 ^^^^^nsin^p (12) 



1000 



/ N Y 

ap = — 9141 jQQgl ncos^p 



(13) 




Pia. 5 — 'IJPPKR MonoN" op Cam 

where ap is the distance of the tappet from its position when 
point A crosses the tappet center-line, vp is the corresponding velocity, 
and Op the corresponding acceleration. 
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By means of the above equations the curves of Fig. 6 were drawn, 
after calculating several points for each curve within each of the 
three motions described. 

Discussion of Cam Characteristic Curves 

Imagine the cam turning counter-clockwise and just beginning 
to lift the tappet. This will be the starting point of the curves begin- 
ning at the left-hand side. At 3000 r.p.m. of the engine the initial 
velocity is 1.564 ft. per sec. In order to make this discussion ap- 
plicable to any speed of the engine the velocity at any position of the 
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Fig. 6 — Chabactbbistig Curves for Inlbt Cam at 3000 R.p.m. of Bnqinb 

cam will be given as a percentage of the maximum velocity that 
is given to the valve at that speed. Since the maximum velocity of 
the valve at 3000 r.p.m. of the engine is 8.50 ft. per sec, the initial 



1.564 
tappet velocity is — — = 18.4 per cent of the maximum. 



As the 



cam turns farther the tappet velocity decreases until point A, Fig. 3, 
reaches the vertical center-line, when the velocity becomes zero. This 
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is the end of the "preliminary motion" and at this point the tappet 
has raised 0.010 in., or 0.0135 in. at the valve stem. This is the posi- 
tion desired for the cam to begin lifting and seating the valve; the 
valve will then operate with zero velocity, neglecting the deflection and 
deformation of the camshaft and valve mechanism parts, which are 
distinct problems- outside the scope of this paper. 

As the point A, Fig. 3, passes the tappet center-line the "lower 
motion" begins. The velocity starts at zero and increases rapidly 
to its maximum. 

As has been pointed out, point A, Fig. 3, is really the starting 
point of the backlash angle of the old cam. In order to keep the 
mean valve lift the same as that of the conventional cam the back- 
lash angle of 3 deg. 52 min., is added to the old timing. The tappet 
raises only 0.003 in. for this angle and practically does not give a 
change in the desired timing as far as the actual lifting and closing 
of the valve is concerned. 

It is at this 0.003-in. lift of the tappet, corresponding to 0.004 in. 

at the valve, that the old cam was designed to start opening the valve. 

1.553 
The valve velocity at this point is -r-rz- ==' 18.26 per cent of the 

8.50 

maximum. All this is an increase over the velocity obtained by 
the new cam as the valve opens and is independent of the location 
of the camshaft or the type of engine. For our aluminum engine 
the above- is not the worst condition when operating with the con- 
ventional cam, because the clearance of 0.004 in. is only about one- 
third of that required, namely, 0.0135 in. 

A clearance of 0.0135 in. for the conventional cam gives a valve 

p 0/5C 

velocity of — ^^ or 33.7 per cent of the ntaximum; in other words, 

an increase of 33.7 per cent over that of the new cam. 

These velocities are so high that it was imperative to reduce them 
materially. In the new cam a 100 per cent reduction of these high 
velocities is obtained without increasing the manufacturing cost of 
the valve mechanism. 

author's conclusion 

In an aluminum engine the valve-stem clearance must be adjusted 
when the engine is at its working temperature. This takes care of 
other inequalities, such as exhaust-valve stems expanding more than 
the intake and other peculiarities of expansion and contraction, which 
are impossible to provide for iii adjustments made on a cold engine. 

Furthermore, since the use of the thermostat has become practically 
universal the working temperature is held quite constant during the 
operation of the engine. This condition is taken advantage of in the 
new cam design; the valve-stem adjustment can be made of such an 
amount that the valves can be opened and closed at a cam position 
giving practically zero velocity at any speed. 
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DISCUSSION 

Wm. G. Wall: — The layout shown has a rise or tangent off center 
on both the opening and closing sides of the cam. Probably with such 
a clearance as 0.013 in. it may be necessary. Has Mr. Nelson made ex- 
periments to see whether if the cam was shaped in such a way on 
closing side only, that is, when the valve was seating, he would not 
get the same degree of quietness as he does by shaping the cam this 
way on both the opening and closing sides? Usually the greatest noise 
comes from the closing valve. 

A. L. Nelson : — It is quite true that the greatest noise comes from 
the closing of the valve. Experience with the conventional cam shows 
that the nearer we approach zero tappet-clearance the quieter are the 
results obtained. This striving for zero tappet-clearance of the con- 
ventional cam corresponds to 0.010 in. (measured at the cam) of our 
new cam. The corresponding velocity of the valve on closing is zero, 
the ideal for which we all have been striving. The shape of the cam 
contour after the valve has closed is unimportant as far as noise is 
concerned. The velocity of the moving parts is zero, their kinetic 
energy is zero; hence, no appreciable impacts follow to give additional 
noise. 

Wm. G. Wall: — If the rise was only on the closing side, would 
not the result be the same as far as quietness is concerned? 

A. L. Nelson: — The results would not be as good since it is de- 
sirable to have the rocker arm strike the valve stem with zero velocity 
as well as to have the valve seat with zero velocity. However, in 
the case of our aluminum engine the additional clearance of 0.010 in. 
is necessarily taken off all the way around the back of the cam in 
order not to hold the valve open when the engine is cold. In particu- 
lar cases it might be desirable to make the "preliminary motion" of 
the opening side of the cam different from that of the closing side since 
it is necessary to contend with the initial velocity of the tappet as it 
strikes on the opening side. This point was watched very closely in 
making our experiments, both as regards quietness and wear on the 
cam. 

LeRoy V. Cram: — We have found that with zero velocity at the 
valve-closing point, carbon was deposited on the exhaust valves. Has 
Mr. Nelson had that trouble? 

A. L. Nelson: — I would like to ask evidence of the zero velocity 
being the cause of the carbonization. We have experienced no such 
trouble. 

LeRoy V. Cram: — With zero velocity as the valve seated we had 
trouble due to carbon, even on short runs. With the same engine and 
considerable velocity as the valve seated, carbon did not cause undue 
valve leakage. 

A. L. Nelson : — In my paper I mentioned the fact that such prob- 
lems as deflection of the camshaft and push-rod deformation would 



Digitized by 



GooQle 



DISCUSSION OF VALVE PROBLEM 887 

not be considered. These materially affect the closing velocity of the 
valve and are extremely important factors entering into the design of 
the cam layout as a whole. 

A stiff camshaft having a maximum deflection of 0.002 to 0.003 in. 
is desired. Many camshafts have 0.010 in. deflection or more. This 
allows the valve to close while its velocity is a very large percentage 
of the maximum. The result is an extremely noisy valve mechanism. 
However, even with a stiff camshaft the deflection, and careless tappet 
adjustment as well, tends to result in valve-closing velocities different 
from zero. 

The new type of cam works so nearly at ideal conditions of quiet- 
ness that it is far more satisfactory than the conventional, yet the 
actual valve-closing velocities under operating conditions preclude 
the carbonization trouble. 

I would like to ask Mr. Moskovics about the experiments in regard 
to the tappet clearance required for the Marmon aluminum engine. 

Fred E. Moskovics: — I was wondering how the roller construction 
would be obtained. 

A. L. Nelson: — The conditions of operation of the new type of 
cam are even more ideal for the roller and tangential cam than for 
the mushroom form. This follows from the fact that the initial velocity 
given the tappet in the "preliminary motion" is zero. After the tap- 
pet is started the velocity increases and then decreases again to zero 
just as the valve is picked up. 

Fred E. Moskovics:— In our own case, we have had little trouble. 
We have held our wall temperatijres very low and have used aluminum 
lifter rods. I think we sacrificed some efficiency in holding our gen- 
eral engine temperature down low, but we have not had so much 
variation in cylinder rods. I was surprised that neither Mr. Jehle nor 
Mr. Crawford brought up as a feature the fact that we do not seem 
able to keep the aluminum engine warm. We. might have to get a 
heater, instead of cooler, as seems to be the problem with cast iron 
engines. 

LeRoy V. Cram : — In working out the roller lifter, did the circular 
form at the toe and heel of the cam work out better than the tan- 
gential form? 

A. L. Nelson: — To a large extent the type of cam used has no 
bearing on the cam motion derived, for it is possible to obtain the lift 
curves of one type of cam with another by calculating the dimensions 
of the cam to give a predetermined motion as desired. The only re- 
strictions in this direction are the practical cam dimensions allowable 
in any case. The easiest way to duplicate cam motions is to work from 
the velocity curves. 
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MID-WEST SECTION PAPERS 

TESTING VARIABLE-SPEED ENGINES BY A 
NEW METHOD 

By Prof. Daniel Roesch 
(Member of the Society) 

The present method of testing variable-speed gas engines, as used 
in automobiles, motorcycles, marine craft or aircraft, consists pri- 
marily of determining the maximum torque and horsepower at a 
number of different speeds. These results are plotted on coordinate 
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Fia. 1 TORQUB, HORSBPOWBR AND FUBL. CONSUMPTION CURVES 

paper; a smooth curve drawn through them represents the ultimate 
torque and horsepower characteristics for all speeds within the test 
range. The gasoline consumption is often taken simultaneously with 
these data. The gasoline consumption per hour or per brake horse- 
power per hour can then be plotted in the same way. These data 
are customarily taken under wide-open throttle conditions, the results 
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being plotted with revolutions per minute as abscissas and the other 
variables as ordinates. These data and others less frequently taken 
during tests or derived from test results are: 

(1) Revolutions per minute of the engine. 

(2) Developed torque — average turning-moment developed. 
(8) Brake horsepower — calculated from (1) and (2). 

(4) Friction torque. 

(6) Friction horsepower. 

(6) Gasoline rate — ^preferably weight per unit of time. 

(7) Gasoline economy — ^weight per unit of power per unit of 
time, calculated from (6) and (8). 

(8) Jacket-water rate — ^preferably weight per unit of time. 

(9) Sensible heat in exhaust — ^by calorimeter. 

(10) Exhaust analysis — for incomplete combustion. 

(11) Radiation — ^preferably obtained by difference. 

(12) Air rate — ^weight per unit of time. 

(18) Mixture ratio — calculated from (6) and (12). 

(14) Depression in inlet manifold — indicating carbureter re- 
sistance. 

(15) Pressure in exhaust manifold — indicating exhaust-pipe re- 
sistance. 

(16) Spark advance. 

(17) Mean effective pressure, net — from (2), or (1) and (8). 

(18) Mean effective pressure, actual — from indicator card; from 
(1), from (8) and (5), or from (2) and (4). 

(19) Mechanical efficiency — ^from (2) and (4), from (8) and (5), 
or from (17) and (18). 

(20) Compression pressure — by indicator test. 

(21) Heat balance — percentage of heat supplied appearing as: 

(a) Indicated horsepower. 

1. Brake horsepower. 

2. Friction horsepower. 

(b) Jacket-water loss. 

(c) Sensible heat of the exhaust. 

(d) Incomplete combustion.' 

(e) Radiation. 

These characteristics of a variable-speed engine show only its per- 
formance under wide-open throttle conditions — a condition often not 
maintained in use. It would follow then that an engine A, showing 
superior merits to an engine B under the usual test conditions, can 
have inferior merits when tested under partly-open throttle. This 
difference would have little moment where the engine operates largely 
at wide-open throttle, but might have a determining influence when 
the operation was chiefly at partly-open throttle, as in the automobile 
or motorcycle engine. 
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PRELIMINARY INVESTIGATIONS 

In order to investigate this question and develop a method of 
analysis for engines of this type the author suggested to Messrs. 
CoobaUy Palmer and Stepanek, Class of 1915, Armour Institute of 
Technology, that they conduct a preliminary investigation of this 
problem as a thesis. This investigation furnished the necessary data 
upon which the method was developed. Additional investigations 
utilizing and developing this method of testing are at present being 
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Fig. 



2 — Curves for Engine Operating with Wide-open 
Throttle 



conducted in the Armour Institute laboratories by Messrs. Fritze, 
King and White, Class of 1917. 

Electric-dynamometer tests were conducted on a high-class 4 by 
5% -in. six-cylinder L-head engine built about June, 1914. The data 
were taken so as to cover all ranges of speed and load on the engine, 
whereas the customary method covers all ranges of speed at maximum 
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load only. The engine was new, was fitted with stock pistons and 
had no extra provisions for lubrication. It was deemed therefore 
advisable not to operate at high speed or heavy loads more than ten 
minutes without decreasing the load. A run confined to this time 
limit gave accurate readings of power and economy with possibly 
questionable readings of jacket losses. 

Since this paper deals with the method of obtaining new test data 
and not the actual figures obtainable, slight inaccuracies are of no 
particular consequence. The test data as replotted nevertheless rep- 
resent performance characteristics in a new and broader way than 
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Fig. 3 — Curves Showing Distribution of Heat 
Supplied to Engine 



heretofore observed. While the 1915 preliminary thesis established 
that such a method gave the desired information, it was considered 
more cumbersome than the one here described. 

If data enumerated under items (1) to (21) , inclusive, were taken 
during a test of an engine the resultant curves might be convention- 
ally shown as in Figs. 1 to 3, inclusive. It is to be again noted, 
however, that only wide-open throttle conditions of operation are rep- 
resented by these curves. 
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METHODS OF COMPLETE ANALYSIS 

The complete analysis of an engine of the type considered can be 
determined from data taken in the following manner: * 

Tests are first made in the conventional way at various speeds 
with wide-open throttle. Whatever data are desired are then taken 
at each test speed and the customary characteristic curves plotted. 
One of these will be the torque curve, which is frequently taken as 
the pull in pounds at a 15%-in. radius. This characteristic is repre- 
sented by A, Fig. 4. The corresponding horsepower curve is represented 
by 1, Fig. 4, and shows the maximum power developed at any speed. 
If now a constant torque of say, 140 lb. at 15% -in. radius be main- 
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Fia. 4 — Horsepower Curves for Constant Torques 

tained and the test conducted as before, we can obtain torque curve 
B, Fig. 4, and the corresponding horsepower curve 2. Similarly the 
curves C, D, E and F, and their respective horsepower curves S, A, 5 
and 6 are obtained for various constant values of torque. 

Whenever the torque line is horizontal a constant mean effective- 
pressure, net, has been maintained by the engine; also the horsepower 
increases directly with the speed. This is similar to the N. A. A. M. 
horsepower rating and its corresponding mean effective-pressure, net. 
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These lines are added to Fig. 4 for comparison. Since the horsepower 
of all but the first series of tests is proportional to the speed these 
curves will be straight lines and pass through the intersection of the 
axes. 

Instead of selecting constant even-value torques for lines Bf C, D, 
E and F, an alternative method would be to obtain these curves so 
that they would correspond to 67.3 lb. m.e.p.^ net, and say 15, 80, 45, 
60, 75 and 90 lb. m.e.p., net. The advantage would be in subjecting 
various engines to like net mean effective pressures for each series of 
tests. This would facilitate comparison of performances. The dis- 
advantage lies in having an odd value for the torque, which may be 
confusing during testing. 
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FiQ. 5 — Total Publ-Consumption Curves for 
Constant Torques 

While this analysis can be applied to all of the data enumerated at 
the beginning of this paper, the factors of fuel consumption, mechan- 
ical efficiency and spark advance are probably the most important. 
The method of determining these and other characteristics under all 
conditions of load and speed will be indicated. 

OBTAINING CONTOUR LINES 

The total fuel-consumption curves for conditions as indicated, 
curves A, B, C, D, E and F, Fig. 4, are shown by curves similarly 



Digitized by 



GooQle 



344 



THE SOCIETY OP AUTOMOTIVE ENGINEERS 



marked in Fig. 5. The gasoline consumption in pounds per brake 
horsepower per hour for each load condition was also computed and 
plotted in Fig, 6. These curves then furnish the necessary data to 
1.5 
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Fia. 6 — Curves of B^bl Consumption per Brake 
Horsepower per Hour for Constant Torques 

establish the load and speed for any particular gasoline consumption. 
A set of interpolation curves was then constructed for 400, 600, 800, 
1000, 1200, 1400, 1600 and 1800 r.p.m. with brake horsepower as 
70 
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abscissas and gasoline consumption in pounds per brake horsepower 
per hour as ordinates. The data for these curves were taken from 
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the curves in Fig. 6. These interpolation curves furnished sufficient 
points for, say, 0.7 lb, per brake horsepo^rer per hour, to locate prop- 
erly this contour line in Fig. 7. The other lines of equal thermal 
efficiency were plotted in a similar manner from the same interpola- 
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tion curves. Lines of equal gasoline consumption were thus established 
from these test data, as shown in Fig. 7. Lines of equal spark 
advance, Fig. 8, have been determined in a similar manner. Lines of 
equal mechanical efficiency. Fig. 9, have been determined by the con- 
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ventional electric dynamometer method. There appears to be no reason 
why any of the other test data ever taken could not be graphically 
shown in a similar manner. 

SUMMARY 

The chief advantage of the data presented graphically in the man- 
ner indicated is that they show concisely and clearly the performance 
of the engine under every possible condition of load and speed. Aca- 
demically the method has already been found valuable in disclosing 
completely the various engine characteristics. Commercially the de- 
termination of certain of the contour lines has been found valuable in 
design study of the engine features affecting them. 

The gasoline-economy contour curves of various carbureters on the 
same engine should be of particular value for purposes of comparison. 
The same curves from different engines would be of value in more 
closely predicting car mileage per unit of fuel consumption. 
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The data on sensible heat in the exhaust should be of value in the 
design of kerosene carbureting devices, with which considerable heat 
is required for fuel and air preheating. 

The jacket-water rate and loss should be of value in pump and 
radiator design. 
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REVOLUTIONS PER MINUTE 

Fia. 9 — ^LiNBS OF Equal Mechanical Efficibnct 
(Brakb Hossbpowbr Method) 

The spark-advance contour curves are valuable in design of auto- 
matic spark-advance mechanisms, which advance the spark the cor- 
rect amount for load and speed variations. 

No doubt many other applications of test data recorded as indi- 
cated will become apparent upon study by the automobile-design spe- 
cialist. 
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THE FUEL QUESTION— FROM THE 

DRIVER'S VIEWPOINT 

By F. C. Mock 
(Member of the Society) 

It had been suggested that this paper discuss this subject from 
the standpoint of the carbureter engineer. It has been a peculiar 
development of automobile use, that the carbureter builder is held 
continuously and directly responsible, for the performance of his 
product, on whatever car it is placed, and his viewpoint is therefore 
closely that of the car owner. And since the ordinary driver's require- 
ments of car performance are sometimes different from those of the 
automobile designer, a consideration from the former's viewpoint 
should be of definite value. 

In the relatively short time of development of the automobile 
there have been many and marked changes in the fuel used. In the 
early days, from 1902 to 1905, there was no fuel problem; gasoline 
was a by-product and so volatile that it only required proper metering 
with air to give efficient performance; with a normal running mixture 
the engines would start, cold, on the second or third half turn of 
the crank. 

It was about 1907 that we began to have some difficulty starting 
with the hand crank, and to find it necessary to make the mixture 
adjustment a little richer for easy starting. A short while later we 
began to notice that an engine would not run quite the same cold as it 
would after it warmed up a bit. About 1909 it began to be evident 
that there was something in the engine that seemed to demand a 
graduation of the mixture. Power and flexibility seemed to demand 
more gasoline in the mixture than was necessary simply to keep the 
engine running smoothly. We began at this time to have definitely 
more trouble with carbon in the cylinders. There was not much 
diflBculty with intake manifold design until we commenced to use more 
than four cylinders. About this time it became common to water- 
jacket the carbureters. 

By 1912 the fuel had grown so much heavier that the self-starter 
was a necessary feature. Practically all carbureters were fitted with 
some special device for giving a richer mixture for starting. Although 
the carbureter makers had now practically solved the problem of 
producing a uniform mixture it was found that this was by no means 
sufficient to make the engine run, and they began to develop devices 
for graduating the mixture according to the evaporating conditions 
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in the intake manifold. For instance, means of making the high 
speed mixture richer than the low speed by the use of separate adjust- 
ments and of devices for giving more gasoline on acceleration. At this 
time we began to have marked difficulty in making the cars run prop- 
erly in the winter time. We felt that this difficulty was not due to a 
defect in the carbureter, although the public generally did not agree 
with us. 

The fuel conditions during 1915 and 1916 are recent in our memory. 
About this time the gasoline began to contain elements boiling above 
360 deg, fahr. and nearly everyone commenced to have trouble with 
gasoline getting into the crankcase, thinning out the lubricating oil 
and cutting the bearings. These years also marked the beginning of a 
period when the automobiling public and automobile engineers gen- 
erally began to appreciate the difficulties under which the carbureter 
men had been working. The importance of this subject became more 
fully appreciated and in the last few months there has been a great 
deal of improvement in the design of intake systems. Practically all 
new intake manifolds are hot-water jacketed or have the exhaust heat 
on some portions of their surface, while practically all carbureter 
installations provide for a warm air supply. 

Unfortunately these improvements are difficult to apply to engines 
already built, and many cars four or five years old, in tfce best of 
shape mechanically, are unusable through six months of the year 
because they cannot handle the present fuel. 

The fuel situation in the country as a whole is further confused, 
because of the variation in quality. In some localities the gasoline is 
as good as that used say in Chicago fourteen years ago; in other 
places it is similar to that used there ten years ago. The variation is 
so great that one single design of fuel intake system can rarely give 
good operation in all parts of the country. 

ESSENTIAL PROPERTIES OF AUTOMOBILE FUEL 

These differences in operation are not due to any deficiency in 
thermal energy, because all these gasolines have nearly the same 
calorific value, but rather to a deficiency in volatility, which inter- 
feres with the method by which they are delivered to the firing 
chamber of the engine. 

The force that drives the pistons of our engines is derived from 
the combustion of the oxygen of the air charge in combination with 
hydrocarbon vapor generated from the gasoline. The air is drawn into 
the cylinders by the suction stroke of the piston, from a common 
passage or manifold, while the gasoline is sprayed into this incoming 
air, at a chamber at the manifold entrance, which chamber we call 
the carbureter. Such parts of the gasoline as are sufficiently volatile 
evaporate into vapor and enter the cylinder along with the air. These 
volatile parts composed about 100 per cent of the early gasoline, but 
this percentage has diminished until now, with our Mid- West fuels, 
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only about 40 per cent can be evaporated under the average operating 
temperatures. 

The disposition of the unevaporated part of the gasoline depends 
on the velocity of the air carrying it, also upon the nature of the path 
along which the air must travel and, to a slight degree, upon the fine- 
ness of atomization of the gasoline drops. When the drops are small 
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PERCENTAGE OF FUEL CHARGE UNVAP0RI2ED, AT 
6IVEN MIXTURE TEMPERATURES, INDICATED BY 
AREA UNDER DOTTED UNES 

Pig. 1 — Composition op 72-DBa. B. "Straight" Gasoline, Paraffin Base — 
From Pennsylvania District 

and the air velocity is about 20 ft. per sec, they are carried in 
suspension along with the air so that the effect is practically the same 
as if the gasoline were evaporated. When the velocity is lower than 
this, it is much easier for the drops to fall out. This collection or 
condensation is facilitated when there is a tee-bend or an elbow in the 
manifold; the gasoline particles naturally proceed in their initial 
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direction of motion until forcibly deflected from it by the wall on 
which they strike. As soon as the drops strike the wetted wall they 
are subject to surface tension and from then on they cling to the wall 
of the intake manifold and pass along in a stream. If the air velocity 
at the bend is sufficiently high, about 50 ft. per sec., it will wipe 
much of this liquid part off the walls again and carry it along with 
the air. 
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Fia. 2— Composition op 56-Deg. B. Gasoline Used in Mid- West Automobile 
Manufacturing Section — Mainly Paraffin Base 

Whenever the gasoline is carried in suspension with the air, it 
is easy to get good operation with any of our gasoline fuels. When 
the gasoline is not carried by the air we have trouble. For engines 
that run at a constant speed it is easy to design the intake manifold 
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to have the requisite air velocity at that speed. With an automobila 
engine, however, the air velocity at the highest speed is about twenty 
times that at idling speed, and it is impossible to select an intake 
manifold size that will be equally efficient under all conditions. 



WHAT GASOLINE ACTUALLY IS 



''Gasoline'' is not a liquid of fixed and inflexible composition such 
as water or benzol, but is more nearly a trade name applied to what- 
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GIVEN MIXTURE TEMPERATURES, INDICATED BY 
AREA UNDER DOTTED LINES 

PiQ. 3 — Composition of 60-Dbg. B. Gasoline; Asphalt Bass, from 
California District 

ever components obtained in the refinement of crude petroleum as are 
deemed possible to use as an automobile fuel. The crude petroleums 
obtained in different parts of the world are greatly different and this 
difference extends to the composition of the gasoline derived from 
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them. For instance, our eastern Pennsylvania gasolines are supposed 
to contain mainly hydrocarbon elements of the hexane series, 
CnHtn -h 2' The gasolines found in the West and South contain ele- 
ments of the following different series, CnHn, CnH^ — 1» CnH^ — «, as 
well as many others. When the heavier products are "cracked" to 
make lighter ones, still further variety is found. All these however 
are capable of complete combustion in an automobile engine if properly 
vaporized, and further have nearly the same number of heat units 
per pound. 

On account of the extreme difficulty of accurate chemical analysis 
it is common to judge the composition of these fuels by the process 
of progressive distillation. A measured quantity of the gasoline 
to be tested is put into a flask and heated. As the temperature rises 
a point is reached when the liquid begins to boil. The boiling con- 
tinues, with nearly stationary temperature, until all of the elements 
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Pig. 4 — Tubes Showinq Effect of Vapor Tension 

that boil at that temperature have been converted into vapor, which 
is conducted away from the flask and collected in a condenser where 
the quantity can be measured. If the temperature is then raised 
another boiling point will be found and another portion distilled off, 
and so on. 

Figs. 1, 2 and 3 show the proportions distilled off at different 
temperatures in three samples, which are typical of the fuel conmionly 
used in different sections of this country. The diagrams have been 
made in such a form that they can be conceived as representing what 
would happen in a barrel of gasoline if it were possible to separate 
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the elements according to gravity. The lighter elements are at the 
top, the lower ones at the bottom and the included area represents the 
relative volume of each present. It will be noticed that the Eastern 
gasoline and the Mid- West gasoline are quite closely graded as to the 
percentage of each element present, while the Western gasoline con- 
tains an extremely large percentage of the element that boils at about 
280 deg. fahr. 

. The exact boiling point and the exact proportion boiling off at each 
temperature are difficult to measure, because the values obtained vary 
greatly according to the speed with which the distillation is conducted 
and the nature of the apparatus. In making these distillations we 
endeavored to rise from one boiling point to another as quickly as 
possible, but held the boiling points. 

A carbureter adjusted for Mid- West gasoline will operate very 
satisfactorily with 72 deg. Eastern gasoline. For some reason the 
Western gasoline (I understand that the Texas and South-Western 
gasoline is about the same as this) does not operate nearly as well and 
requires an entirely different carbureter adjustment. 

The percentage of gasoline evaporated and its rate of evaporation 
further depend greatly upon the position of the throttle, or, more 
specifically, vary closely with the vacuum in the intake manifold. 

VAPOR TENSION APPARATUS 

Fig. 4 shows an apparatus of the kind commonly used to demon- 
strate vapor tensions, consisting of three glass tubes connected to a 
common mercury vessel. The upper ends of the tubes are sealed, and 
contain nothing above the mercury but liquid gasoline and vapor. In 
one tube is shown the 208 deg. fahr. fraction obtained from the Cali- 
fornia gasoline whose distillation fractions are shown in Fig. 3. The 
second tube shows the 342 deg. fahr. fraction taken from our Mid- 
West gasoline, while the third tube contains common kerosene. 

If this gasoline or kerosene were not present, these tubes would 
be simply barometers and would remain absolutely full of mercury 
until the level of the mercury in the vessel was lowered more than 
29% in. below the top of the tube. If the vessel was lowered farther 
than this the mercury would follow the lowering of the vessel to show 
the atmospheric pressure in this room, and there would be an absolute 
vacuum above the mercury. 

The space that now exists above the mercury in the tubes is filled 
by a small portion of liquid gasoline and by the gasoline or kerosene 
vapor from it. The space occupied by the vapor of the 208 deg. 
fraction is about three times as great as that occupied by the 
kerosene vapor, while the space occupied by the 342 deg. fraction 
is about 20 per cent greater than that occupied by the kerosene vapor ; 
this indicates the great difference in vapor pressure and density that 
accompanies the difference in boiling point of the gasoline elements. 

The heating of the upper part of the tubes to a temperature of 
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about 120 deg. f ahr. causes the space occupied by each vapor to 
increase to nearly twice that occupied at the room temperature of 
about 72 deg. With this increase the amount of liquid gasoline above 
the mercury will decrease perceptibly, showing that more has been 
evaporated. 

SPACE AND TIME FACTORS IN EVAPORATION 

There are two very important points that can be shown with this 
apparatus. As the mercury vessel is raised and lowered, the level in 
the tubes keeps the same distance above the level in the vessel; but 
although the vapor pressure or tension remains the same when the 
mercury is lowered to give more space in the tube, the amount of 
vapor increases with the volume of this space. This is shown by the 
decrease in quantity of liquid gasoline standing above the mercury 
column. For instance, if the mercury is lowered until a 12-in. space is 
shown in the 208 deg. gasoline tube, the liquid gasoline evaporates 
altogether. This corresponds to the change of conditions that we have 
in our intake manifolds when the throttle is opened. At any given 
engine speed, as we close the throttle we feed less gasoline, but we 
leave the same space for the vapor to occupy, with the result that a 
much greater percentage of the gasoline can be converted into vapor 
during the closed-throttle condition. This fact, in conjunction with 
the preceding ones, gives the reason why we have difficulty in handling 
our present-day heavy fuels at wide-open throttle and low air-velocity. 

The second point of importance is that when the mercury is 
lowered to allow room for the increased evaporation, the change in 
state occurs at once. Within a second the gasoline evaporates to fill 
the space available. This shows, what we have believed from ex- 
perience, that the predominating factors in determining the actual 
evaporation of gasoline in the intake manifold are the vapor tension 
of the various elements and the temperature, and that we do not have 
to allow time for the gasoline to evaporate; in other words, the gaso- 
line evaporates, as much as it can, almost immediately upon passing 
the throttle. 

In recent years we have helped engine operation by preheating the 
air charge or by heating the intake manifold, but the heavy elements 
introduced into the gasoline lately are so non-volatile that their com- 
plete evaporation requires heating the manifold and entering air 
above the boiling point of water, and to so high a temperature that 
the amount of air charge, and consequently the power of the engine, 
is perceptibly reduced. 

In some recent experiments we directed an atomized supply of 
gasoline into a bent elbow, through which air was being drawn, and 
noted the condition of the issuing mixture when the elbow was heated 
at different temperatures. Although the spray was very fine indeed, 
so that it would change into a mist and then disappear when the jet 
was directed into the air of the room, in the elbow the action was very 
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bad. The gasoline would strike on the far wall of the bend and drain 
back out of the elbow in a steady stream, while only a few particles 
would issue from the mouth of the elbow. This was at temperatures 
of the elbow from 70 to about 220 deg., with the entering air at about 
70 deg. When the elbow was heated to about 250 deg. conditions 
were somewhat better, as about two-thirds of the gasoline drops 
seemed to pass the bend without condensing on the wall and there 
was consequently less "loading" in the elbow. When the elbow was 
heated to 310 deg. there was no condensation whatever and the gaso- 
line came out of the elbow in a white smoke or dry fog. 

NECESSITY FOR COMPROMISE IN ENGINE DESIGN 

In developing an automobile engine of the type used today it 
seems necessary in order to use fuel no heavier than that we now 
have to choose some sort of compromise among: (1) Restricting the 
torque at high speeds by a small intake manifold; (2) heating the 
charge so much that the power is reduced; (3) reducing the range of 
operation (that is, providing a range of operation of from 5 to 45 
m.p.h. at wide-open throttle instead of from 1 to 60 m.p.h.) ; or (4) 
using light gasoline, which is now expensive, and will become more 
so in years to come. 

Just here it is of value to consider the subject from the driver's 
viewpoint. Many engineers would rather do anything else than sac- 
rifice maximum power per cubic inch of piston displacement, which 
is not a satisfactory rating of the power of the engine in the car, 
because it applies to but one speed, and that one seldom used. This 
"maximum power" is extremely different from the maximum power the 
driver knows, which is usually gaged in the way it is most usually 
employed, by the torque available for acceleration at ordinary driving 
speeds. The automobilist also objects to paying a high price for 
gasoline, or having to go to special filling stations to get a particular 
kind. I further believe that the average man is willing to shift gears 
when it is necessary to pull through sand or climb a hill below 7 
m.p.h.; in fact, he should do so for mechanical considerations alone. 
To practically every driver it is of much more importance than are 
many well-known mechanical "talking points," that a car should 
warm up to a temperature of good running in a few blocks, yet how 
few are the cars that will do this. There are many similarly logical 
reasons why, with the fuel situation as it is, we should be prepared 
to yield some standards of performance in order to realize certain 
other standards of economical and convenient operation. 

PROPER GASOLINE SPECIFICATIONS 

There are also different viewpoints on the fuel proposition. The 
oil men, and they have perhaps the economically correct view, wish 
to use as many heavy elements as possible. The automobile engineer 
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wishes to secure the best performance possible. The automobilist 
does not care so much about the fancy details of performance; he does 
want to get his fuel at the lowest price possible, yet he wishes to avoid 
trouble from gasoline in the crankcase and excessive carbon deposit. 

It seems to me that all this must depend primarily upon the design 
and efficiency of the engine in which the fuel is to be used. If the 
engine is one of an older design it is necessary to use a light grade of 
gasoline, because it simply will not perform properly with any other. 
With engines of the present design we can almost use satisfactorily 
our better grade Mid-West gasoline, provided we make a few practical 
allowances. It is possible that we can develop further our engine and 
thus allow us to use still heavier fuels. I am very sure however that 
we cannot use heavier fuels than the engine will stand without great 
trouble in average use. For instance, a great deal of gasoline sold 
contains a perceptible amount of kerosene. With the average car- 
bureter on the average car one to three years old, the driver would 
be much better off, get better service and equal mileage for his money 
if after buying this gasoline he could separate, remove and throw 
away this kerosene fraction. It does no good and does do harm. 

In the face of conditions such as I have described, it is impossible 
to set any definite limit or requirement for gasoline standards. I 
believe however that if we adopt any convenient standard of gradua- 
tion, the situation will solve itself on an economic basis, as each auto- 
mobilist will buy the cheapest grade of fuel that he can use. When 
he buys a new car he will naturally select one that will handle 
the heavier fuels. This will make it a definite object for the car 
manufacturer to use a heavier fuel and will promote this develop- 
ment faster than in any other way. 

USE OF HEAVIER FUELS 

Until a very short time ago we had not seen in operation any 
system that would use kerosene without there being so many dis- 
advantages that it gave no promise for automobile use. In fact, 
kerosene is scarcely satisfactory even on engines running at constant 
speed, where there is no limitation as to intake air velocity or as to 
the amount of heat available. We have recently found by follow- 
ing a cycle whereby the kerosene is vaporized at a very high tempera- 
ture, and then mixed with a charge of air at low temperature, that 
the resulting fog can be kept in complete suspension in the air stream. 
This should do away with the troubles previously described, so far as 
they relate to conduction of the fuel to the cylinders. There remains 
the further difficulty of obtaining a vapor in the cylinders, so that the 
spark can be carried away from the spark-plug points. Such trouble 
can probably be overcome by mixing the kerosene with some of the 
elements now found in gasoline; this is also desirable as a step toward 
economical use of our fuel resources, because such a blend corresponds 
more nearly with the composition of the natural petroleum product. 
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DISCUSSION 

Dr. Wm. M. Burton : — Several articles, bearing on automobile fuels, 
have been published recently in current periodicals. For example, in 
the March number of Oildom, page 116, we find a somewhat extended 
article entitled The Gasoline Situation Threatening. Also, in the 
February number of Petroleum Age, page 3, appears an article by 
Chas. V. Bacon, entitled Gasoline — Analyses and Interpretations. 
Further, in the March issue of the National Petroleum News Dr. W. 
F. Rittman presents an article bearing upon the past and present of 
the gasoline situation and also making some predictions regarding the 
future. These articles appear to contain no extravagant statements 
or statements that are not in harmony with the facts. 

In Mr. Bacon's article methods of making fractional distillations 
are described; these seem to be logical and would conform to the best 
methods accepted by the industry. He also describes experiences with 
twenty different samples of gasoline produced by as many different 
refiners and dealers. He has very little criticism to make of the 
quality of the gasoline being used, or of its behavior in internal com- 
bustion engines. I think it is the experience of every dealer in 
gasoline that a certain percentage of complaints can be expected 
from the users of motor vehicles. Defective ignition apparatus, or 
defective carbureters, or improper adjustments cause faulty workings 
of machines and, in the majority of instances, the blame is all laid 
upon the gasoline, regardless of where the fault actually lies. I 
think however we can conclude that the bulk of the gasoline now used 
is reasonably satisfactory, that its quality in future will probably not 
change materially from that which is on the market at present, and 
that we can concern ourselves principally with' the future in regard 
to the supply of this indispensable fuel. 

During the past ten years, since the automobile and internal com- 
bustion engines have become such prominent factors in the economic 
conditions of this country, the number of machines in the United 
States has increased from 250,000 in 1907 to an estimated number 
of 4,000,000 in 1917. The gasoline production has increased in that 
period from around 400,000,000 gal. in 1907 to an estimated produc- 
tion of over 2,000,000,000 gal. in 1916. 

The question might well be asked why the increase in gasoline 
production has been 400 per cent during the past ten years, whereas 
the increase in the number of automobiles has been over 1000 per cent. 
Ten years ago a large quantity of gasoline was consumed in this 
country in "gasoline stoves," widely used for domestic purposes. 
Today the gasoline stove has become almost extinct and thus a con- 
siderable quantity of gasoline has been released for use in internal 
combustion engines. But for this extenuating feature the situation 
would undoubtedly be much more critical today than it is. 

During this ten-year period the production of crude petroleum 
has not been correspondingly increased. It is estimated that 2,500,- 
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000,000 gal. of gasoline will be produced in this country during the 
year 1917. Allowing 500 gal. per year for each motor vehicle, and 
estimating 4,000,000 motor vehicles in service, the consumption for 
these vehicles, alone, would be 2,000,000,000 gal. for the year 1917, 
leaving only 500,000,000 gal. for export and for use in other types of 
internal combustion engines. 

Unfortunately, the production of crude petroleum is not increasing 
in anything like this proportion. There are but two inevitable con- 
clusions: first, the yield of gasoline or engine fuel from crude petro- 
leum must be tremendously increased, to meet the increasing number 
of internal combustion engines made; or, second, the rate of increase 
in the manufacture of these internal combustion engines must be 
lessened. 

A considerable increase in the yield of engine fuel from crude oil 
has been secured during the past three or four years by improved 
refining processes, but, owing to the inability of the refiners to secure 
necessary steel and other supplies for building stills, it is not at all 
probable that the increased production of engine fuel will meet the 
tremendous increase indicated in the manufacture and sale of motor- 
vehicle and other internal combustion engines. It is also not probable 
that the production of crude petroleum will increase in the near 
future to any substantial extent. 

Much good could be accomplished by a campaign of conservation 
and economy in the use of the indispensable gasoline. Much of it is 
wasted in the running of cars. Automobile engines are allowed to 
run while cars are standing, and a campaign of economy along this 
line would be beneficial. 

The refiners throughout the country are doing all in their power to 
secure the largest possible yield from crude petroleum, but much still 
remains to be accomplished along this line of conservation, and more 
would have been accomplished today had not the European war 
interfered with the construction of improved and additional equipment. 

In this brief discussion I have brought out no new matter, but have 
attempted rather to emphasize and reiterate what has already been 
presented to the public through various papers printed in current 
periodicals. I desire to add a word of warning to the manufacturers 
of internal combustion engines, that the time may come when we will 
have more of such machines than we will have fuel to supply them. 

Fred C. Glover: — We have a number of tractors down in Cuba 
burning alcohol, or rather they were burning alcohol before the war. 
They were distilling alcohol on the larger plantations for eight cents 
a gallon and they insisted on having all their stationary engines and 
tractors equipped to burn alcohol. They have proved very satisfactory 
to operate. We have much less trouble in burning alcohol than with 
gasoline. There is no carbon and by raising the compression we have 
gotten fairly good economy. But at the low cost alcohol is much more 
economical and a much more satisfactory fuel to work with than 
either gasoline or kerosene. 
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Congressman Marsh, who introduced a denatured alcohol bill into 
Congress some years ago, looked into the matter thoroughly, and found 
that in Germany alcohol was being made without Government re- 
striction for from twelve to fifteen cents a gallon, while in Cuba the 
cost was eight to ten cents a gallon. 

David Beecroft :-^The possible market in Argentina and Brazil for 
tractors and heavy trucks, and even for large automobiles, is much 
curtailed because of the fuel situation. In Brazil and in parts of 
Argentina gasoline costs fifty to seventy cents a gallon, and a great 
many tractors were idle. Unfortunately in Argentina the Government 
prohibited the use of alcohol except under certain restrictions. They 
were exporting a good deal, but it was imposible to get legislation 
that would permit its freer use as a fuel. It was very generally 
thought there, however, that they would eventually have to look to 
alcohol for this work. 

The Argentine Government has had a good deal of correspondence 
with Washington with the thought of seeing to what extent alcohol 
is used in this country. The feeling there was that they would have 
to use alcohol; being a great agricultural country similar to our 
Mississippi Valley, there is no reason why they have not all the 
chances in the world of growing the different crops that would produce 
alcohol and give it at a reasonably low price. 

The farm-tractor movement in Argentina has been held back a 
great deal owing to the lack of farm mechanics competent to give the 
necessary attention to the tractors already sold. No country in the 
world is better situated for the tractor than Argentina, but unfor- 
tunately the scarcity of fuel and lack of mechanics gave a severe set- 
back to the industry. The present poor crops have further aided this 
depression. But interest is increasing in the small tractor and the 
sale of automobiles to the farming community is developing the spirit 
of mechanics, which should assist tractor sales. A few good crops 
and a big recuperation in the tractor industry would take place. 

Dr. H. C. Dickinson: — I am here as a member of the joint com- 
mittee of the Bureau of Standards and Bureau of Mines, appointed 
sometime ago to look into the question of the standardization of gaso- 
line. This committee has not considered directly the alcohol question. 
The committee has had several general meetings at which there was 
a large representation of oil producers and jobbers, and a very small 
representation from the automobile industries, which seemed unfortu- 
nate. The work of the committee was undertaken on the request of 
individuals and of some of the automobile interests, and we would 
like to have more support from this side. While recommendations are 
not yet in final form the committee has definitely decided to recom- 
mend a procedure somewhat along the lines that Mr. Mock has sug- 
gested. I do not know that I agree entirely with Mr. Mock as to the 
availability of tests based on the method of distillation. The distilla- 
tion test for other purposes, for instance for the standardization of 
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turpentine substitutes, which are gasolines of a little bit poorer quality 
than gasoline for engines, gave satisfactory results, and we know that 
with a proper standardization of method of distillation the distillation 
test will give satisfactory results with gasoline. 

This committee is likely to recommend a requirement that certain 
qualifications of gasoline be made a part of the label in the sale of 
product. It is probable that the requirements will be something like 
this: A certain temperature at which a certain part, perhaps 20 per 
cent, of the fuel will evaporate, and another temperature at which 
a percentage, probably 90 or 96, will evaporate, with two or three 
minor qualifications, that will not necessarily appear. Now that 
would require that all accepted automobile fuels be sold with a 
label bearing two figures, one a figure that would indicate the tem- 
perature at which a lower percentage would evaporate, which is 
of interest in starting the engine cold, and the other a figure at 
which substantially all of the fuel will evaporate; this will be of 
mterest in determining the inlet manifold design necessary to obtain 
complete vaporization. 

H. L. Horning: — I agree with Dr. Dickinson that the distillation 
test Mr. Mock mentions is not unsatisfactory. We have found it very 
satisfactory. We have taken samples of gasoline and sent them to 
the Bureau of Mines and had a test made there, have made a test 
ourselves and have found that the result varied by only one or two 
degrees, which is very small, at both ends of the scale. It is the con- 
sensus of opinion that the volatile test is the only test on which gaso- 
line can be measured, the only scale by which it can be judged. Inas- 
much as that probably will be the method in the future of measuring 
the value of gasoline, it is particularly interesting to know that it 
is reliable. One of the men in our experimental laboratory had seen 
us make these tests, but had not taken part in them himself. 

One day I told him to make a distillation test. He came back 
with a grotesque distillation report, and I thought that there had 
been a mistake. I asked him how fast he had run it and he said he 
had shoved it just as fast as it would go. I told him to try it at two 
drops a second and he did, but he made a mistake in that. He did it 
a third time and it was correct; his report could be checked the next 
day by the distillation test of someone else. His second test was 
wrong, simply because the door was open and it blew the flame that 
was heating the kerosene in the flask. It is just merely a matter of 
maintaining conditions in order to make the distillation test a valuable 
one. 

Herbert Chase: — I think greater attention should be paid to de- 
veloping an engine for the use of heavier fuels. In Europe there is 
now at least one tractor and I believe several others under way in 
which a semi-Diesel type of engine is used successfully. We are hear- 
ing about the probability of a return to the steam engine in tractor 
work and a partial return in the automobile field, and the real reason 
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for that is that a heavier fuel than gasoline can be used. The 
steam engine has certain characteristics that make it better adapted 
CO vehicle propulsion than the ordinary gasoline engine. While it is 
most important to consider the problem of today in reference to the 
use of fuel that we can burn in the gasoline stage, we should not lose 
sight of the fact that in the future we must use heavier fuel than is 
now available. We should begin to think about using it in a practical 
way, both for automobile, tractor and motor-boat service. 

Frederick Purdy: — One part of the subject that is seldom men- 
tioned is the increasing difficulty due to the difference in the specific 
gravity of the air and the fuel. The difficulties attending the evapora- 
tion are better known than the means for doing it. 

There is difficulty in accelerating when the fuels are very heavy. 
When the fuel is evaporated by any means it is more responsive 
to the impulse of the air stream. The tendency of any body is to 
continue in a straight line after a force has been impressed upon it 
and to maintain any speed with which it is impressed; the heavier 
the body why of course the more sluggish is its response to change. 
The entire air content of the manifold is naturally responsive at once 
to any changes due to the opening of the throttle, whereas the heavy 
fuel content is sluggish. It lags behind and it is due to this difference 
that we have difficulty now in accelerating the engine. 

If we heat the fuel enough so that acceleration is secured auto- 
matically by the fuel itself and not by any mechanism within the 
carbureter, we have probably expanded our charge to such an extent 
that the efficiency of the engine is greatly diminished, that is the effi- 
ciency per unit of volume. That, of course, would mean larger engines 
and that we can hardly submit to. The engines are large enough 
now for the little jobs they are required to do. 

I would like to think of alcohol as a fuel. It solves a good many 
of our problems. It would to a large extent solve the acceleration 
problem, because we shall have in it a fuel that will evaporate com- 
pletely and when it is evaporated completely it will respond very well 
to the impulse of the air stream and a large proportion of the fuel 
will not lag behind, thus thinning the mixture when the throttle is 
suddenly opened. 

The difficulties in the use of alcohol are perhaps not so great as 
we who have been making carbureters for petroleum fuels have been 
led to believe. We do not like to use alcohol because we think we have 
to carry two gallons where one gallon of gasoline was sufficient, on 
account of the calorific value of the fuel, but the efficiency resulting 
may perhaps overcome to a very large extent the disadvantages of 
alcohol as a fuel. We may not be obliged to carry two gallons in place 
of one. The advantages that we may get from no carbon, no poison- 
ous gases, almost no odor from the products of combustion, make 
alcohol a desirable fuel. 

Years ago a number of experiments were made to find out why the 
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fuel leaked past the rings into the crankcase. That was just at the 
beginning of the fuel troubles, say 1909, possibly 1910. The experi- 
ments in the laboratory with which I was connected at the time led us 
to believe that if the boiling point of the fuel or of a large proportion 
of the fuel was above 300 deg. fahr., then about the only solution for 
the problem was to have rings through which it could not leak past, be- 
cause the temperature of the piston itself at the walls of the cylinder 
seldom exceeded 350 to 400 deg. If the fuel had to be carried into 
the cylinders as fast as it usually is the heat generated in compression 
would not be sufficient in the time available to cause the evaporation 
of all of the fuel. A great portion of it must lie in the cylinder, on 
top of the piston next the walls, and this portion would naturally leak 
past the rings. I believe that unless we heat the fuel to a point where 
the volumetric efficiency of the engine will be somewhat reduced we 
cannot use the fuels that we have at the highest efficiency and prevent 
leakage past the rings. But as an offset to this result of heating we 
have the advantage, of course, of a more complete use and a higher 
efficiency of the fuel itself. 

Chairman F. E. Place: — It appears that alcohol is a fuel that 
must be considered. What mechanical changes were necessary in the 
tractor engines to make them suitable for using alcohol? 

Fred C. Glover: — Very few changes were necessary. We had to 
substitute a metal float, as we found the alcohol ate the shellac off the 
cork float; aft^r that we had no trouble with the carbureter. We used 
the ordinary gasoline carbureters, two different makes, and each 
worked equally well. We were obliged to raise the compression from 
95 to 115 lb. per sq. in. I think we used 1.05 lb. of fuel per brake 
horsepower per hour. 

George W. Smith : — There would not be any problem if the owners 
of automobiles would keep them at the right temperature. We have 
operated cars from cold and warm garages and find that if we can get 
them up to the proper temperature in a very short time, the accu- 
mulation of kerosene in the crankcase is comparatively small. It is 
not any hardship to require car owners to change their oil every 
thousand miles and either throw it away or distill the kerosene off. 

The owner of a car does not want a laboratory job. If he did, we 
could give him something very nice. He has insisted upon maximum 
performance and never in the history of the automobile have we had 
the acceleration that we have at present, nor have we had the horse- 
power per cubic inch that we have now. In the face of a steady decline 
in the quality of fuel all this has been accomplished. 

It is possible with given conditions to get good results for those 
conditions. If we want to operate in a cold climate, we can so hood 
the radiator and so fix the heating apparatus that proper results can 
be obtained. But it would be almost impossible to get the same ap- 
paratus to operate well in the tropics. It is almost impossible too 
to get the average car that is satisfactory in Pittsburgh to work well 
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in Kalamazoo. I think that the chemists should be called upon to do 
a little bit of work determining specifications as to what should and 
should not be used as fuel in certain localities. 

A great deal of work has been done by the automobile engineers, 
both in the laboratory and on the road, and we probably have gone 
just about as far as is possible with the present method of taking the 
fuel into the cylinder. Perhaps the next step is something in the way 
of the semi-Diesel engine. 

We have had very little experience with alcohol fuel. We ran a 
test with alcohol as a fuel in the summer time and the engine de- 
veloped about 90 per cent of the normal horsepower at 1000 rev. per 
min. with an economy of about 76 per cent on the road. I cannot see 
why it is not feasible to develop such a fuel if enough money and 
enough work is spent in research. 

H. L. Horning: — I am particularly interested in the statements 
of Doctor Burton, coming as they do from a man who is known among 
the petroleum technologists as perhaps the greatest authority today 
on the subject, and I wonder if we all appreciate the two messages 
that he has put into his discussion. The first message is that the fuel 
today is really not a bad fuel, and I want to concur with him in this 
opinion. The second is that in the near future it is not liable to be 
further decreased in quality. In other words, he implies that possibly 
for the next two years there will not be the continued rapid decrease 
in fuel quality that we have been experiencing the last two years. 

A sphere is the ideal combustion chamber, for the reason that there 
is perfect cooling and a perfect temperature gradient between the 
surface on the inside and on the outside at the time of combustion. 
The necessities of engine construction have been met by the engineer 
with compromises. That chamber is the ideal chamber that will 
dissipate the greatest amount of heat without interfering with the 
combustion of the fuel. Inasmuch as something like 45 to 50 per cent 
of the heat of combustion is not dissipated to the water, it is becoming 
a severe problem to hold down the surface temperature of the com- 
bustion chamber. 

In the ideal combustion chamber there must not be any part that 
loses its heat through a film of air, oil or any other aubstanc«. U 
must be continuous in order to conduct the heat perfectly. The ideal 
combustion chamber should have no screw threads because it then will 
not dissipate the heat perfectly. That is why the manufacturers of 
the valve-in-the-head engines tell us they have the ideal combustion 
chamber. 

Fig. 5 shows cross-sections of two combustion chambers. The first 
compromise is the piston, represented by 1 in the figure. The con- 
nection between the piston and the cylinder is shown at £, where as 
we all know there is a gas film as well as an oil film. The exhaust and 
intake valves are shown at S and U respectively. The tapping of the 
spark-plug 5 is heated easily to a temperature so high as to give pre- 
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ignition in heavy engines. The valve-chamber plugs are shown at 8. 
The surface next the exhaust 9 is so close that it overheats that part 



FiQ. 5 — Cross-Sections of Combustion Chambers 

of the cylinder. The point marked 10 indicates an arrangement with 
which the exhaust valves are heated unduly. 

The ideal combustion chamber must be one in which there is a 
uniform temperature as high as possible in order to vaporize the fuel 
throughout the entire surface and a low maximum temperature as 
indicated by such spots as the middle of the piston, the middle of the 
exhaust valves and the spark-plug points. Concave piston walls have 
a tendency to break up the heavy constituents of the gasoline and 
make cooling very difficult. The spark-plugs and the exhaust valves 
constitute the important items that have to be considered in engines 
that are working to the limit, such as in tractors and airplanes. In 
the latter the heat is so intense and so continuous that the porcelain 
decomposes or changes in structure after a period of several hours. 
Studies have now been undertaken to improve the quality of the 
porcelain and correct the plug through improved design. 

Dr. H. C. Dickinson: — We have found out a great many things 
about the behavior of porcelains when they reach the higher tem- 
peratures and have started out to devise a type of test that can be 
readily applied by makers or users of spark-plugs, but we have not 
completed this yet. Progress is good and we shall have something to 
report in the near future. 
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RETARDATION OF THE AUTOMOBILE 

By John Younger 

(Member of the Society) 

During the past two or three years emphasis has been laid on the 
accelerative ability of cars. Designers have vied with each other in 
getting the last fractional inch per second per second into their per- 
formance curves. Advertising managers have not been slow in accel- 
erating the peaks a little further and found that the public liked it. 

Get Away, Pick Up, Dash, Verve — I myself have called it Elan — 
are all familiar terms for the engineer's word acceleration. There is 
as yet no such term of endearment for retardation. Its significance 
has not gripped the people's imagination, and yet of the two it is of 
more vital importance. The automobile death rate increases in inverse 
proportion to the efficiency of the retardation curve. 

In fast rail traffic, with many stops, the possible retardation curve 
is first studied. A continual stream of cars passes through the New 
York Subway, with an extremely small headway at rush hours; as a 
result the motormen know almost to a fraction of a foot just where 
the brakes must be applied to stop at the required point at a station. 
In street car work the profit that can be derived from a set of 
rails in a busy district is as much a question of retardation as of 
acceleration. 

TYPES OF RETARDATION 

The automobile moving rapidly in and out of city traffic places, 
perforce, great dependence on its brakes. Good braking contributes 
greatly to the feeling of liveliness. A car with good acceleration, 
but sluggish retardation, does not feel as lively as one in which both 
are good. Retardation can be studied under two heads : % 

1 — Retardation relative to the road. 

2 — Retardation relative to the forces acting on the car. 

The primary object of (1) is to slow down and actually stop the 
car. The object of (2) is to maintain the vehicle at a steady and 
safe speed, notwithstanding the forces, such as effect of gravity on a 
hill, that tend to accelerate the vehicle. 

The coefficient of adhesion or friction of the tire varies greatly 
with its shape, the nature of its tread, whether it be solid or pneu- 
matic, and with the compound of rubber Used. The fact that the road 
surface ranges from cement or vitrified brick to greasy mud makes 
it impossible to give accurate figures for the coefficient. 

The coefficient of maximum adhesion for solid rubber tires on good 
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macadam has been given* as 0.4 by George W. Watson. Other au- 
thorities state that 0.6 is correct for pneumatic tires. The author has 
found that the coefficient is 0.6 for solid rubber tires on cement and 
vitrified brick roads, and only 0.5 under similar conditions for pneu- 
matics. The measurement of tire adhesion is, however, inextricably 
mixed up with that of road resistance, the number of factors enter- 
ing in being exceedingly large. A convenient and accurate value to 
assume is 0.5, and this is concurred in by several authorities. 

I have been careful to use the term adhesion as specially appli- 
cable to the case where the tire does not slip relatively to the road. 
When the tire slips the proper term is friction. There being no rela- 
tive motion between the surface of the tire and the road (the road 
moving back at the same speed as the tangential velocity of the car) , 
the case is analogous to a body at rest on an inclined plane. The 
coefficient of "stiction" or adhesion is greater than that of friction. 
Incidentally, this partly explains why a car stops more rapidly when 
the wheels are kept moving than when they are locked. 

Smooth asphalt, concrete, brick, good macadam, which offer little 
resistance to the passage of the car, have fortunately a good coeffi- 
cient of adhesion when dry, thus offering fair compensation. Road 
resistances vary from 5 to over 300 lb. per ton and must be con- 
sidered in the study of retardation. 

The wind resistance can be taken as 0.002 Av^ in pounds where 
A is projected frontal area in square feet, usually about 25 sq. ft. 
This resistance varies with wind velocity and direction. Strictly 
speaking, it should always be considered, but its effect is small and 
can be neglected. 

VALUE OF RETARDING FORCE 

Given brakes on all wheels, and neglecting road resistances, the 
retarding force is 0.5 W. By substituting inr the inertia formula 
F = Wa/g, we find the retardation is 0.5 g, or 16.1 ft. per sec. per sec. 

The average automobile is fitted with brakes on the rear wheels 
only, and its weight is distributed equally on front and rear wheels. 

The conditions are shown in Table I. 



Table I — Retardation Factors at Various Speeds 
Car Speed, Stopping Time, Stopping Distance, 

M.p.h. Sec. Ft. 



€0 11 484 

30 hVi 121 

15 2% 30 
5 



M 



The presence of road and wind resistances and of chassis losses 
will increase the retardation from 8 ft. to almost 10 ft. per sec. per 
sec, so that a car traveling at 30 m.p.h. will stop in 4.4 sec. in 
about 97 ft. 



•See Proceedings Institution of Automobile Engineers, 1915-1916, p. 162. 
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Everyone has experienced the peculiar feeling of being shot for- 
ward in the seat when brakes are suddenly and strongly applied in 
a railroad train or a street car. The eyes have not prepared the body 
to brace against the action, whereas in an automobile the eyes are 
usually on the alert and the body is well prepared for violent 
retardation. 

Yety in railroad service the best stopping time is that recorded 
in March, 1914, when a Pennsylvania train, moving at 60 m.p.h., was 
stopped in 1000 ft. This took 22% sec, the retardation being only 
3.87 ft. per sec. per sec. The train was equipped with an experi- 
mental type of Westinghouse brake. 

An acceleration or retardation of 6 ft. per sec. per sec. is about 
all that can be borne in comfort by passengers. Extreme change, 
such as stoppage against a stone wall, will catapult passengers out 
of their seats with great violence. A retardation of 6 ft. per sec. per 
sec. is on the verge of discomfort; it is, I think, reasonable to believe 
that 10 ft. per sec. per sec. is the maximum. This, by the way, is 
equivalent to an applied horizontal pressure on the passenger of about 
one-third his weight. So with the chassis. Th6 inertia effects on the 
body fastenings, engine and transmission fastenings are usually based 
on the low-speed acceleration, which is rarely more than 10 ft. per sec. 
per sec, the equivalent of a 30 per cent grade. 

FOUR-WHEEL BRAKES 

It is thus seen that for the average vehicle little is to be gained 
in putting brakes on more than the two rear wheels, even though 
four-wheel brakes might be adjusted to reduce the friction on each 
brake so that it is only half of what it might be with the two-wheel 
brakes. The four-wheel brakes are exceedingly difficult to keep in 
adjustment, and there is real danger in excessive retardation being 
produced under the normal circumstances of driving over dry roads. 
Railroad conditions are not analogous, as a coefficient of adhesion of 
0.2 is about all that can be reckoned on, as against one of from 0.5 
to 0.6 on rubber-tired automobiles^ 

Two-wheel brakes, provided they function properly and are used 
intelligently, will give all the retardation that it is safe to use. There 
are, of course, other reasons why four-wheel brakes have not been 
adopted generally. 

The foregoing remarks have dealt mostly with a car whose weight 
is distributed equally fore and aft. The passenger load is usually a 
small percentage of the gross weight, and there is an obvious limit 
to the capacity of the space that can be used for carrying people. 
In motor trucks the weight of the load is often equal to that of the 
vehicle itself. Twice the rated load is occasionally carried, although 
this evil is, I think, becoming less prevalent. 

In some trucks the load is about equally distributed between front 
and rear wheels. Usually 75 per cent and upward of the load is car- 
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ried on the rear axle. The weight of a truck is not proportional to 
its load. A 2-ton truck with body may weigh 6000 lb.; its weight is 
one and one-half times that of its load. A 5-ton truck with body may 
weigh 10,000 lb.; its weight is then equal to that of the load. 

Each truck must therefore be considered individually, and the 
braking effort on the circumference of the rear wheels be made equal 
to at least 0.5 times the loaded weight on the rear wheels. If the 
speed of the truck is 15 m.p.h., it can be stopped in about 30 ft. 
without causing the load to pile up behind the driver's seat. This 
distance should satisfy any law-making body, and should make it 
unnecessary to provide safety guards or fenders. 

The effect of the human element in producing retardation is great. 
Brakes must be skillfully applied, so that under varying road condi- 
tions the pressure is just enough to not lock the wheels, otherwise 
a dangerous skid may result. Women in increasing numbers are 
driving cars. They cannot exert the pressure on a pedal or lever 
that a man can. Designers must awaken to this problem. If a 
light pressure is given, brakes must be adjusted more often, unless 
some mechanical or electrical means be supplied for assisting the 
driver. Such means must be delicately arranged so as to give per- 
fect gradation of pressure, but the problem should not be impossible 
of solution. 

ABSORPTION OF ENERGY 

The question of absorption of energy has been ignored in the 
foregoing, inasmuch as the time interval is short, and the material 
surrounding the brakes capable of taking up the heat developed. On 
a long hill, when brakes are applied continuously, the problems that 
arise are different. Here there is no question of inertia effects, or 
of skidding, or of stopping space; the great question is one of ab- 
sorption of energy and hence of radiation of heat. 

At the top of a hill a car possesses both kinetic and potential 
energy. If at the bottom the car's speed is unchanged, then the 
brakes, plus the road resistance, have absorbed the potential energy. 
The weight of the car plays an enormous part in this, the absorption 
of energy being in direct proportion to it. While the truck lacks the 
speed of the touring car, its greater weight makes the retardation 
problem more difficult, particularly in hill descents. 

Many hills have a 10-per cent grade and are ^ mile long. A 
5-ton truck, gross weight 20,000 lb., has a gravitational component 
downward of about 2000 lb. Assuming a road resistance of 50 lb. 
per ton (of 2000 lb.), or 500 lb. gross, the net force tending to accel- 
erate the truck down hill is 1500 lb. 

If a safe speed of 10 m.p.h. is maintained the time of descent is 
3 min. The energy absorbed by the brakes is 1500 X 2640, or at the 
rate of 1,320,000 ft. lb. per min. This is equivalent to 40 hp., or to 
1700 B.t.u. per min. 
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Since metal weighing about 50 lb., with a specific heat of 0.12, 
absorbs this energy, the heat generated in 3 min. (neglecting radia- 
tion) is sufficient to raise the temperature of the mass from 60 to 
900 deg. F. The temperature required to dissipate the energy ab- 
sorbed by the brakes was calculated to be about 760 deg. F. 

We made an actual test with 1 sq. ft. of brake-radiating surface. 
The 5-ton truck mentioned was driven down the 10-per cent grade 
^ mile long at 10 m.p.h. At the foot of the hill the temperature 
was certainly nearly 760 deg. F., the radiating surface being at a 
black heat. 

There are hills much worse than this in length and grade; the 
only salvation then is the use of the engine, alternating with hand 
and foot brake. The normal brake is satisfactory for the greater 
part of automobile touring, but for hilly and mountainous districts 
there is still much to be done in improving brakes. European de- 
signers have been well aware of this; some of the Italian designers 
whose testing grounds are the Swiss Alps have even gone the length 
of water-cooling their brakes, both by drip and by water-jacket. 

In only one truck, and that of Swiss design, has an attempt been 
made to solve this problem. A device is used that shifts the cam- 
shaft longitudinally, converting the engine into what is really a two- 
cycle air compressor, the carbureter being shut off and fresh air 
admitted through a manifold port. 

From time to time brakes working on a hydraulic principle have 
been devised, but always there has been the problem of cooling the 
liquid and insuring the tightness of pipes and joints. 

It is the author's belief that as country roads are opened up more, 
and motor trucks used in outlying districts, a demand will arise for 
a third brake for hilly districts. The vehicle can then coast down a 
long incline at a predetermined safe speed, with no wear and tear 
on the engine or undue heating of the brakes. 

DISCUSSION 

A. Ludlow Clayden : — I have felt for a good many years that 
we would not be satisfied with man-applied brakes. Carrying 
so much potential energy about with us in an automobile, why not 
make it do all the work? Driving in hilly country becomes tiring 
in the average car. I think that not more than three British cars 
will stand Alpine touring work. Of course, England is much flatter 
than the Alps, although it is much more hilly than the United States. 
The Italian and some of the French makers are the only ones making 
brakes adapted for long hills. The great fault of the Italian brakes 
is noise. Most of them are of course lined with metal rather than 
fabric. I use the word "fabric" to cover all kinds of woven brake 
material. Fabric linings are comparatively little used on the other 
cide of the water. Cast iron is the favorite braking material but is 
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almost impossible to make perfectly quiet in action. Unless it re- 
ceives a great deal of attention, I do not believe that a metal brake 
can be used with any great success in a country where the normal road 
conditions are such that the wheels are likely to be kept smothered 
with water. 

There is another point — that of taking the heat away from the 
brake. If we use a fabric lining, the conditions are more difficult 
than if we use a metal braking surface, because of the poor conduc- 
tivity of the fabric linings, which means really that only the brake 
drum is left to carry away the heat. As a result the efficiency of 
the shoes must be considerably reduced. Phosphor bronze has been 
used, but, according to the general experience, it was too unreliable 
a material. It was not liable to rust, but it was prone to pick up 
and tear, just as copper will. The Sheffield Simplex Company of 
England has spent a great deal of time investigating brakes and 
made a successful expanding shoe brake as follows: The shoe was 
about 2 in. wide and was lined with strips about 2% in. long, alter- 
nately of cast-iron and some other material. Cast-iron was tried 
with aluminum, with white metal, with phosphor bronze, and heavily 
compressed fabric. The last time I saw the people working on this 
brake — some two and one-half years ago — they said that the fabric 
and iron seemed to wear down evenly, the material in the fabric 
appeared to squeeze out and had a lubricating effect on the cast iron. 

OPERATION OF SPECIAL TYPES 

I have tried the electric brake, which has been on the market 
a long time. This brake takes a little training to handle it, but 
one can get an extremely delicate control as soon as he is accus- 
tomed to it. I hope soon to try the vacuum brake of the Prest-0-Lite 
Company. As far as one can judge on paper, its effect depends 
entirely on the delicacy of operation of the compensating valve. 
With such a device it seems quite possible to provide an adjustment 
so that the sensitiveness could be made to suit the driver. A power- 
ful spring could be arranged to require about the same pressure as 
the accelerator pedal. If such a spring were placed somewhere 
beneath the plunger so that the driver would have to press one 
of his feet down hard, there should be no trouble. I do not see why 
an adjustable resistance should not be used. Of course, after a 
time it would not be needed, but in new devices it is often necessary 
to add features that can afterward be omitted. 

Acting Chairman B. B. Bachman: — We have been doing some 
experimenting with brakes. In order to facilitate the work the brake 
was mounted at the rear of the transmission, thus in some ways ac- 
centuating certain features of its construction. The speeds are much 
higher and the temperature conditions more severe. 

The point that Mr. Clayden mentioned, as to the conductivity of 
the so-called fabric linings, is one that was forcefully brought to our 
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attention. Our first construction was a pressed-steel drum, about 
V^ in. thick. The brake was about 7 in. diameter. The shoe was 
lined with fabric. We found that in descending a normal hill the 
temperatures would rise to such an extent that the brake would not 
hold by the time we reached the foot of the hill ; after a short amount 
of work with that brake the temperatures had increased to such an 
extent that we had an hour-glass eflfect in the drum. Following that 
we made a brake drum of steel and with it tried cast-iron shoes. 
On the whole the experiments gave us a better idea of the operating 
problems, and a graphic idea of the energy that has to be absorbed 
in controlling a vehicle. In our case we were handling a vehicle with 
a gross weight of about 10,000 lb. 

Mr. Younger mentioned the laws being passed by legislative bodies. 
A serious and grave problem is confronting the manufacturers of 
commercial and pleasure vehicles because of the number of fatalities 
that have occurred. The legislation that has been passed does seem to 
be a serious eflfort to eliminate the trouble. They have simply tried 
to use patent medicines to cure a real disease. We want to deter- 
mine the fundamental features of the disease and then apply cures 
for them. 

W. M. Newkirk: — I have ridden in a car made by a Chicago 
company, in which the generator effect of the starting motor is used 
for the braking. This seems to give the maximum braking effect up 
to the point when the wheels begin to slip and momentarily stop. 

Leon Cammen: — I have recently made some experiments on 
braking devices. As Mr. Younger stated, the brake has two func- 
tions: to stop the car on the level road and to hold down its speed 
on grades. The two functions are entirely diflferent. We cannot pos- 
sibly design a friction brake to do both things without giving it ex- 
treme dimensions. I tried to figure out the same problem that Mr. 
Younger has in his paper. I found that if a 3500-lb. car is going 
down a 12-per cent grade, at a reasonable speed of 10 m.p.h., with a 
properly designed unpainted brake the radiating surface must be 
about 800 sq. in. 

The kind of paint on the drum makes a great difference in radiat- 
ing properties — the characteristics of the paint and whether it is 
bright or dull. If the brake drum, the rear axle and some of the 
parts are painted, the radiating surface has to be probably about 
900 sq. in. If a vehicle is descending a hill, say 1% miles long, with 
an incline of 12 per cent, we will find that at the bottom the drum, 
the brake band and the fabric will be overheated. The fabric will be 
overheated to such an extent that the next time it is used and given 
a hard shove it will fall to pieces and the car will not stop. 

I talked recently with one of the officials of the New York Police 
Department. He stated that in a number of accidents they have in- 
vestigated the brakes and found to the great surprise of the driver, an 
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experienced chauffeur in many cases, that they were entirely inefficient 
and incapable of stopping the car. 

SOLUTIONS OP BRAKING PROBUIMS 

There are only three solutions to this problem. One solution is 
to desig^n the brake so large as to give it sufficient radiating surface. 
About seven or eight years ago I saw at the Benz factory a brake 
drum with little copper fins all over it. The object of the copper 
fins was of course to increase the radiating surface. Copper has not 
only a considerably higher conductivity than most metals, but, if 
properly treated, it will have a considerably greater radiation. 

Now, curiously enough, ordinary copper — ^that is, smelted copper — 
will have a higher coefficient of radiation than electrolytic copper. 
Just why is not quite clear to me, although it is probably because 
electrolytic copper is considerably denser. 

The size of the brake cannot be increased indefinitely, for the 
simple reason that if a surface of 800 sq. in. is required for a 3500-lb. 
car, one of something like 2000 sq. in. is needed to hold a 5-ton 
truck even on a moderate grade. We may finally reach the point 
where we cannot increase the radiating surface sufficiently to take 
care of the heat. There are other ways of handling the problem: 
One is to absorb the heat by means of some liquid which is cooled 
by fans. This method was tried in England and in €rermany and 
proved entirely satisfactory. A second way is to absorb the heat by 
direct cooling. In doing this we encounter the difficulty Mr. Clayden 
mentioned, namely, the poor conductivity of the brake band. 

I have made tests of the conductivity of some of the fabrics, and 
have fourd it is possible to increase the conductivity of the fabric by 
decreasing slightly its density. The conductivity of asbestos is ex- 
tremely low. Air is a still better heat insulator, but it is queer 
that the heat conductivity of woven fabric is nearly inversely pro- 
portional to its density. In telephone insulation work it has been found 
that the denser the paper used fclr such purpose the worse electrical 
insulator it is; the best insulator is not the paper at all, but the air 
in* the interstices of the paper. 

NEW BRAKING SYSTEM 

Another solution of the braking problem is to provide a system 
of taking up the down-grade acceleration entirely different from the 
friction brake. The principle of one such system can be described 
as follows: 

Imagine that in some way the piston rod of an oil-pump. Fig. 1, is 
connected to the car wheel directly through the brake drum. Imagine 
also that the whole thing is immersed in an oil vessel. Then as the 
wheel revolves it will have to drive the oil from the pump into the 
oil vessel. Here all the work would be consumed over and over 
again in pumping the oil. In such a case all that would be necessary 
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is to move the little valve in such a way as to modify the cross-section 
of the orifice. 

This design involves a question as to what is the power the brakes 
must exert. I calculated that in order to stop a car traveling 50 




z^ 



Fig. 1 — Illustrating Principle of Proposed Braking System 

m.p.h. within about 350 ft. an effort on the brake equivalent to 
450 hp. is required. If the braka were acting as a clutch the clutch 
would have to be between thirty and forty times larger than the 
clutch by means of which the engine drives the car itself. Of 
course no such effort could be taken care of on such a car. It is pos- 
sible however — and in fact is practically done now — to design a brake 
so that the braking is effected in three stages. The first would be the 
closing of the clutch driving the pump; the second the gradual clos- 
ing of the discharge orifice of the pump until enough is left to relieve 
the pump from excessive stresses; and the third the action of the 
usual friction brake. 

The problem in all braking devices of the class described is that 
of consuming the heat. We do it by pumping the oil, but then what 
are we going to do with the heat developed in the oil while we are 
pumping it? The oil will heat to the very amount to which power is 
consumed by the pump. This has been solved as follows : The pump 
discharges the oil into a pipe, from which it flows on to a little wheel 
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that has blades all around it. This wheel drives a fan on the out- 
side of the casing. The oil is discharged in a stream. With a car 
weighing 3500 lb., going down grade at 10 m.p.h. it is discharging 
a stream at about 2300 ft. per min. This transmits to the little 
wheel about 6 hp., which is consumed in producing a powerful blast. 

E. R. Whitney: — At one time I thought that truck brakes were 
not powerful enough, so I started to make one that would work 
easily; we arranged a device that would wind up in either direction, 
with the car going backward or forward. This brake was put on 
a 2-ton brewery truck. With the usual type of driver the block tires 
with which this truck was equipped were ripped out by the roots. On 
wet ground the truck would turn circles. So we had to go back to 
the old type of brake with which the drivers really had to do some 
pushing to apply it. That is important on truck work. The driver 
must be made to exert himself to apply the brake if any regard is 
given the tires. 

The proper basis on which to design brakes is not how quickly 
the car can be stopped with everything right and on dry ground, 
but under the worst conditions — ^the truck going down hill, and with 
a wet pavement and smooth tires. Start on that basis and make 
the brake difficult to apply — so that it requires considerable effort. 
On dry ground it will be impossible to throw off the passengers. 
This idea will lead to four-wheel brakes and to uniform weight dis- 
tribution, whether loaded or light. The four-wheel brakes have many 
elements of virtue. 

We made some experiments at one time with front-wheel brakes. 
The car-load was distributed equally between front and rear wheels, 
and the front and rear brakes could be applied independently or to- 
gether. We have found that front brakes are really safer than rear 
brakes and can be applied with less tendency to skid. If the front 
wheels were locked on wet ground the wheels turned for a consider- 
able angle. At the same time, instead of skidding and the rear 
getting ahead of the front, it will push ahead in the direction the 
truck is moving, so that if with four-wheel brakes the brakes on 
the front wheels were stronger than those on the rear, a car could 
be stopped on wet ground much more quickly than with the rear 
brakes alone. The disadvantage, of course, is the complication and 
added cost. 

DIAGONAL BRAKING 

A. Ludlow Clayden: — The maximum directive power of a wheel 
is obtained only when it is rolling freely. As soon as the wheel is 
locked it is of no further directive value, no matter whether it is 
a front wheel or rear wheel; that fact led to the making of some ex- 
periments with a little wooden model, that could be rolled down a 
large table top, which was tilted. We found if the model was started 
down the slope with either the two front or the two rear wheels 
locked, it would take up all sorts of positions. 



Digitized by 



GooQle 



DISCUSSION OP RETARDATION 375 

By locking the wheels a and d, and leaving h and c free, Fig. 2, 
we obtained the best effect. Some time after this experiment was 
made the Argyll company produced a car in which the pairs of 
brakes were so linked. One set was operated by a pedal and the 
other by the hand lever; it worked out well. The only difficulty 
was the mechanical complication of making connections to the front 
wheels. Of course the cost of the front hubs with all their brake 
gear was considerable; the construction called for a number of uni- 
versal-joints, levers and rockers. 

Shortly after that the system was developed of applying friction 
brakes by a hydraulic device. A small pipe led down to the expanding 
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Fia. 2 — ^Vbhiclb for Diaqonal Braking 

cam, which was operated by a small piston, and pressure was applied 
on an oil reservoir. I think a car with that hydraulic brake had the 
most stopping power of any in which I have ever ridden. 

author's closure 

John Younger: — The diagonal brake mentioned by Mr. Clayden 
was tried in the London fire engines on the Dennis trucks, and it did 
produce a terrific retardation. 

One reason why I have not studied the four-wheel brake seriously 
is that we are faced with the problem of maneuvering. We have 
to make trucks so that they can back up to yards, and it is important 
to be able to turn in a small circle. The mechanical difficulties are so 
numerous with a four-wheel brake that I have never attempted to 
solve them. 

Mr. Whitney raised a point about the drivers of brewery trucks. 
These men usually weigh from 250 to 350 lb. We employed one of 
these men to do some testing. We asked him to push lightly, but 
he exerted an effort of about 450 lb. and broke the pedal. It is im- 
possible to put a man like that on a truck and ask him to operate the 
thing gently. We expect a man to push pretty hard in order to stop 
his truck. 

I think that the electro-magnetic or gasoline-electric car has not 
yet reached such a stage of development as has the ordinary gasoline 
car with straight mechanical drive; it is far too early to think that 
the magnetic principle of braking should be adopted. It is a beau- 
tiful brake, but at present we have to pay for it far too highly, on 
account of its cost and weight. 
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The point that was raised about paints is exceedingly interesting, 
as was the point about the less dense fabric being a better conductor 
of heat than the dense fabric. That throws a great deal of light on 
an experience I have been unable to account for, namely, that the 
hydraulically-operated brakes, while standing up better than others 
for ordinary stoppage work have not stood up as well for long-haul 
work. I could never account for it. I thought that probably the 
breaking up of the fibers produced the disintegrated mass. Mr. Cam- 
men's explanation is worthy of further investigation. 

BRAKING MATERIALS 

The whole problem of braking materials is a study in itself. I 
have tried many different materials and have come down to two at 
present; one is a good grade of cast iron and the other fabric; the 
fabric for short-stoppage and the cast iron for long-distance work. 

If the ordinary brake drum is simply turned on its surface, little 
spikes will readily be seen on it upon examination under the micro- 
scope. If that surface is ground, the life will be a great deal longer. 
It is also important to see that the hardness is even ; otherwise stresses 
will be introduced. It is advisable to keep sand away from the brake; 
some people dump sand on it as a kind of lubricant, and there is 
trouble. 

Another thing that has been tried is the composite material — cast 
iron with plugs of bronze or copper. A 50-per cent mixture of lead 
and copper is an excellent braking material, but there is trouble 
when too much lead is used. That construction has been tried also 
with pieces of compressed brake lining squeezed into it, under pres- 
sure. A brake made in Philadelphia makes use of a material some- 
thing like quartz. All kinds of brake materials have been tried out, 
but most of them have been designed to give longer life to the brake. 
Little has been done yet in the way of obtaining a greater radiating 
capacity. 

The point has been raised about legal requirements. If I were a 
police commissioner I should like to enforce one law, and that is 
this: An inspector should be able to go on any car, provided the 
road is dry, and say of asphalt or good macadam, cement or brick, 
and make a brake test going at say 20 m.p.h. and within certain 
limits, and if the car does not stop, he should have as much right to 
take the driver into the police station as for breaking the speed 
limit. If that were done there would be fewer accidents. I think we 
should advocate it as leading to a prevention of some of the automobile 
accidents. The headway between automobiles is much less than it 
used to be, and people are so accustomed to them that they have 
become more careless. I think we ought to help the police authorities 
in their problem. 
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POWER LOSSES IN PNEUMATIC TIRES 

By E. H. Lockwood 

(Non-Member) 

An apparatus for power measurement at the rear tires of an auto- 
mobile was installed in 1913 at the mechanical laboratory of the 
Sheffield Scientific School. A description of this apparatus, with an 
outline of a proposed method* of rear-wheel testing, was presented 
at the 1915 Annual Meeting of the Society. 

During the summer of 1916 a calibrated motor was attached to 
the drums for the purpose of measuring the internal friction losses of 
tires and transmission system when driven by an external source. This 
additipn to the apparatus led to a revision of the method of testing and 
the form of report, all aimed to give greater completeness and 
accuracy. 

Considerable attention was paid to measurement of the internal 
friction losses, and many experiments were made on a six-cylinder 
chassis (this was a 6-30 Chalmers loaned by the Chalmers Motor Co.) 
of recent design. In connection with the work a series of tests 
was made on various elements that might affect car internal re- 
sistances, such as speed of car, inflation pressure in tires, load on the 
axle, and material or construction of the tires. 

The information derived from these tests has proved so interesting 
that the principal results are now presented for discussion. The ex- 
periments have the limitation of being made on one size of tire only, 
and no claim is made that the entire question of tire resistance has 
been solved. 

The method of obtaining the rolling resistance was to anchor the 
car with either pair of wheels on the center of the test drums, and 
then to rotate the latter by means of the calibrated motor. Two 
readings were needed, one with the car on the drums and one with the 
car removed, when the difference in power measured the rolling resist- 
ance of a pair of wheels. It has been found possible to avoid calibra- 
tion errors in this operation by the use of the absorption dynamometer 
on the drum shaft, adding enough resistance by the latter so that all 
meter readings are duplicated when the wheels are removed. The 
dynamometer then measures the equivalent of the rolling resistance of 
the wheels. The available range of speed of the motor is from 40 to 
20 m.p.h. at the circumference of the drums, and its maximum power 
is 15 hp. The diameter of the drums is such that 300 rev. are equal 
to one mile. 

Extremely sensitive readings can be made in this way, enabling 
small variations in rolling resistance to be measured. One possible 
criticism of its accuracy is that the drum friction is increased when 



•The Practical Testing of Motor Vehicles, A. B. Browne and E. H. Lock- 
wood. S. A. E. Transactions, Part I, 1915, p. 68. 
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the weight of the wheels is added to.that of the drums. Careful meas- 
urement of the drum friction when running idle showed an effort of 
4 lb. at the drum circumference at 20 m.p.h. and 6 lb. at 40 m.p.h. 
The drums weigh about 3000 lb. ; the load on an average pair of wheels 
is about 1500 lb. It is certain the friction does not increase in propor- 
tion to the weight on the drum bearings, and the assumption that the 
drum friction is constant at different loads cannot involve much error. 
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FiQ. 1 — RoLLiNQ Resistance Measured at Ciecumference of 32 bt 4-In. Tires 



A — Rear Wheels, Fabric Tires. 
B — Rear Wheels, Fabric Tires. 
C — Front Wheels, Fabric Tires. 
D — Front Wheels, Cord Tires. 



Load 772 Lb. per Wheel. 
Load 550 Lb. per Wheel. 
Load 570 Lb. per Wheel. 
Load 570 Lb. per Wheel. 



ROLLING RESISTANCE AT VARIOUS SPEEDS 

One surprising result of all measurements of rolling resistance at 
speeds from 20 to 40 m.p.h. has been the slight increase of resistance 
at the higher speed. With some cars the increase of resistance is less 
than the observation errors. In other cases the increase amounts to 
from 5 to 10 per cent. 

In reporting values of rolling resistance, the observations have 
been made at either three or four speeds covering the entire range, 
finally using the average of all the readings. 

The results in Table I are given as an example of the amount of 
variation of resistance with speed. The readings are reported exactly 
as recorded. These cars differed considerably in rolling resistance, but 
in every case the speed of the car had little or no effect on the result. 
Rear-wheel tests were made confirming the results obtained with the 
front wheels; hence the conclusion from these tests that the internal 
rolling resistance of an automobile is practically constant at all speeds 
up to 40 m.p.h. 
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DISTRIBUTION OF POWER LOSSES 

The measurements described give as a result, the total rolling re- 
sistance of the front tire and bearings, or of the rear tires and all 
transmission losses up to neutral gear. 

By an independent measurement the tire loss can be separated from 
the bearing and transmission loss. This is accomplished by jacking 

Table I — Rollin»^* Resistance op Fkont Whefls 







Inflation 






Rolling 


Car 


Tires 


Pressure, 


Load, 




Resistance, 


No. 




Lb. 


Lb. 


Lb. 


1 


32x4 


60 


1120 


20 


11.7 




Silvertown Cord 






30 

40 

Aver. 


11.7 
13.8 
12.4 


2 


32x4 


55 


1145 


21 


24.1 




Plain Fabric 






27 

34 

41 

Aver. 


25.0 
23.5 
24.4 
24.25 


3 


35x5 


60 


2100 


21 


33.0 




Silvertown Cord 






27 

34 

41 

Aver. 


33.6 
34.2 
33 8 
33.65 



up the wheel until the contact between the surface of the tire and the 
drum is just sufficient to revolve the wheel. In this way tire resistance 
is practically eliminated, leaving only resistance due to bearings and 
transmission. 

The internal power losses of the six-cylinder Chalmers chassis 
were determined in this way. The tires were 32 by 4-in.; load on 
front wheels, 1145 lb., load on rear 1545 lb.; tire inflation 75 lb. 

The rolling resistance follows : 

Lb. Per Cent 

Front tires only 18.2 31 .2 

Rear tires only 17.7 30.3 

Front bearings only 4.7 8.0 

Rear bearings and transmission 17.9 30 . 5 

Total 58.5 100.0 

Dividing the four items mentioned into groups, we find that the 
tires alone are responsible for 61 per cent of the total resistance, while 
the axle bearings and transmission up to neutral consume only 39 per 
cent. The conclusion is that the tires are responsible for nearly two- 
thirds of the power lost in the car itself. 
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The values cited are averages for speeds from 20 to 40 m.p.h., 
as stated previously, the resistance changed little with the speed. 
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Fig. 2 — Performance Curves for Twelve-Cylinder Car 

TIRE RESISTANCE AND PRODUCTION OF HEAT 

The discovery that 61 per cent of the internal power loss of this 
car is expended in the tires, leads naturally to the question: What 
becomes of this power? 

It is probable that friction of the material within the tire structure 
is continuously taking place, owing to flexure at the contact with the 
road. This absorption of work and production of heat is similar to the 
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condition in a friction brake, except that the friction is produced by 
bending and not by sliding the fabric. 

If these assumptions are true, it ought to be possible to calculate 
from the work absorbed the amount of heat generated ; also to calculate 
the temperature of the tire surface when it reaches thermal equi- 
librium. The solution of this problem is worked out like that presented 
by a hot-water radiator, or, rather, as the wheel is revolving, by a 
hot blast heater. 

These tires have 5.83 sq. ft. of surface, and the resistance at the 
circumference is 8.85 lb. At a speed of 30 m.p.h., 1810 B.t.u. per 
hour will be generated. In order to dissipate this heat in the air an 
increase of temperature of 39 deg. F. above that of the room will 
be required; this result is based on a heat transfer coefficient of 8 
B.t.u. per deg. per hr. 

This calculation was made in advance of any experiments, but was 
later verified by running one of the 32 by 4-in. tires for half an hour 
at 30 m.p.h., after which the car was stopped and the surface temper- 
ature taken with a mercurial thermometer. The room temperature 
was 70 deg. F. and the tire temperature was 107.5 deg., or a rise 
of 37.5 deg. as compared with the calculated rise of 39 deg. 

This experiment confirms the theory that tire resistance is caused 
by flexure of the material, and leads logically to the conclusion that 
resistance will be increased by under-infiation and by over-loading. 

INFLATION PRESSURE AND LOAD 

Of the factors affecting rolling resistance, inflation pressure is per- 
haps the most important. A considerable change of resistance can 
be caused by a moderate change of pressure. 

The load carried by the tire is also an important factor, and must 
be considered along with the inflation. It seems probable that for a 
given load there is a region of inflation below which the resistance 
increases rapidly. 

This relationship can best be shown by a series of characteristic 
curves, in which rolling resistance is plotted against inflation for a 
number of loads. Fig. 1 shows an incomplete series of such character- 
istic curves for 32 by 4-in. tires. 

The influence of inflation pressure is clearly shown in curve A, 
which represents the rolling resistance under normal load of rear 
wheels equipped with fabric tires. With reduction of inflation pres- 
sure from 80 to 30 lb. the rolling resistance increases from 30 to 45 lb. 

When the load on the wheel was reduced the rolling resistance de- 
creased from 30 to 25 lb. under high inflation pressure. Reduction of 
pressure caused an increase of resistance in this case but not quite so 
pronounced as in the first curve. Curve B shows the rear-wheel 
resistance under light load. 

Curve C shows the resistance of the front wheels under load equal 
to that on the rear, and displays the same characteristics as curve B, 
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The uniformly greater resistance of curve B is due to the transmis- 
sion system being connected with the rear wheels. 

An approximate calculation of the increase of power caused by 
under-inflation can be made from the above experiments. From Fig. 1, 
the total rolling resistance at 80-lb. pressure, front and rear wheels 
combined, is 51.9 lb., while the corresponding value at 30-lb. inflation 
is 72.5 lb. Adding to these values the wind resistance calculated for 
25 m.p.h. (30 lb.) the total car resistance for the two cases is found 
to be 81.9 and 102.5 lb. The conclusion is that an increase of power 
amounting to 25 per cent can be caused by very much under-inflated 
tires. 

CORD VERSUS FABRIC TIRES 

Only a limited number of tests of cord tires have been made under 
conditions permitting accurate comparison with fabric tires. 

One such comparison is shown by curve D, Fig. 1, where a cord 
tire, 32 by 4 in., was tested under exactly the same conditions on the 
front wheels for the whole range of pressures. 

The characteristics of this cord tire are: Greatly reduced resist- 
ance loss and ability to run at low inflation without much increase of 
resistance. 

While these experiments point to the value of cord tires for reduc- 
ing tire losses, more numerous and exhaustive tests are required 
covering a wider scope. 

Performance curves for a twelve-cylinder passenger car are shown 
in Fig. 2. Both front and rear tires were 35 by 5 in. The front tires 
were inflated to a pressure of 60 lb. and the rear to 65 lb. 

DISCUSSION 

A. K. Brumbaugh: — Have any attempts been made to measure 
the coeflficient of friction with the wheels and drums running; or to 
determine the coeflficient with either, wheels or drums locked? It' is 
the impression, backed by practical knowledge, that a tire holds to the 
road better if the wheels are kept turning. 

Prof. E. H. Lockwood: — We have had a maximum pull at the 
circumference of the drums of 600 lb. and have never noticed any tend- 
ency to slip. We have never tried by means of low gear to make the 
tires slip on the drums, although this experiment has been suggested 
and may be carried out later. 

The rubber in tires differs in quality, as shown by a fine rubber 
dust thrown off from the drums when making a power test. Some 
tires yield a quantity of this pulverized rubber which is found scat- 
tered on the floor; others show no signs of this although transmitting 
the same amount of power. 

Slippage undoubtedly exists between the tire and the face of the 
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drums, as shown in the tendency to grind off the rubber surface, but 
the amount of slippage is in my opinion very small. 

SOURCE OF HEAT IN TIRES 

A. K. Brumbaugh : — That slippage might be, in some measure, re- 
sponsible for the heat which is assumed to be due to flexure, although 
the close check in the calculations is against this. 

Prof. E. H. Lockwood: — I think that most people would question 
my original statement about the source of heat. It was originally 
my impression that the heating of the tires was caused by the tendency 
to slip on the road. I feel sure now that it is caused almost wholly 
by the flexure of the material and is not due to any slippage. Just 
the same amount of heat was in evidence when we revolved the front 
tires as the rear ones. The tire manufacturer apparently has a 
problem on his hands, namely, to build up the cords and rubber in 
such a way that this injurious friction action will be absent. Nobody 
expects a spring to heat up ; the valve springs, for instance, never do. 
But the rubber tires, being bent around, do heat up. I think it is 
quite possible to combine the rubber and the fabric in such a manner 
that they will act similarly to a steel spring — ^bend and come back 
without absorbing energy. 

B. B. Bachman: — Professor Lockwood gives some figures showing 
the variation between the front-wheel bearing losses and what are 
termed rear-wheel losses, which I understand also include the losses in 
the transmission system. In this case did any resistance have to be 
overcome through the transmission, or was only the friction with the 
gears running idle measured, without any resistance whatever on 
them? 

What prompts me to ask the question is some experimental work 
that Mr. Brumbaugh and I have conducted within the past year, 
using the Wimperis accelerometer. We have not had the time to 
really do any accurate research work, but have simply taken a few 
readings and tried to Ifearn something from them. 

We made a test on a car similar to the one used by Professor Lock- 
wood. The retardation on this car with top and wind shield up, on a 
good tarvia road, running at 5 m.p.h., was 94.2 lb. ; at 40 m.p.h. it was 
198.7 lb. At 25 m.p.h., which Prof. Lockwood mentioned, it was 126 lb. 
Expressed in pounds per ton of car weight, the resistance varies from 
55 lb. at 5 m.p.h. to 115 lb. at 40 m.p.h. Now a heavier car of the 
same year's make has a resistance of from 62.5 lb. to 120 lb. per ton. 
At 25 m.p.h. it is 86 lb. For the heavy car the total resistance is 148 
lb. at 5 m.p.h. and 286 lb. at 40 m.p.h. The tire equipment on that car 
is, I think, 36 by 5 in. I do not know accurately what the tire infla- 
tions were on either one of those cars. 

It seems to me illogical that the front-wheel bearings should take 
so much less power than those on the rear wheels; there are at least 
nine extra bearings and two pairs of gears included in the rear- wheel 
measurements that are not included in the front. 
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FRICTION INDEPENDENT OF LOAD 

Prof. E. H. Lockwood: — The point raised by Mr. Bachman is an 
important one as it affects the entire question of friction lost in trans> 
mission. The question is, does the loss of power in friction increase 
with the load, or does it remain constant? Experiments with lubri- 
cated machines such as steam engines and gas engines seem to indicate 
a nearly constant friction loss, at a given speed, irrespective of load. 
I assume this same condition holds in the transmission system and 
bearings of a car, although this has not yet been confirmed by experi- 
ment. The same point arises in the use of our test drums, when the 
axle friction is measured with idle drums and the same loss is assumed 
to exist when the weight of a car is added. As before stated the 
resistance due to friction may increase slightly with the load, but there 
is good reason to believe that the increase is slight and may be 
neglected without appreciable error. 

B. B. Bachman: — I can conceive that in case the journals and 
rotating parts are lubricated and have special ball or roller bearings, 
a variation of load would not affect the friction materially. My prin- 
cipal question is: What is the effect of gears in mesh? I do not 
know of any data on gear losses under variable loads. It would seem 
to me that they would vary considerably. In a transmission under 
load I do not know whether we can assume that the spur gears or 
bevel gears running under load are absolutely in rolling contact. I 
am inclined to believe there is some sliding there, and if there is 
sliding it may come under the same head as journal friction, or it 
may not. 

Prof. E. H. Lockwood: — I do not believe I have any data on the sub- 
ject, but it offers an excellent suggestion, and somebody should inves- 
tigate the matter. 

OPERATING EFFICIENCY OF GEARS 

B. B. Bachman: — Considerable data have been published on the 
eflficiency of worm gears, but unfortunately, when the tests are anal- 
yzed, it is found that they have not been made under conditions met 
in operating a car, such as high torque values at low speeds. The 
results might apply running along the level, but when applied to 
conditions met in climbing a steep hill, or through sand, the data are 
woefully misleading. 

B. D. Gray: — I have taken the eflficiency of bevel gears at from 
80 to 85 per cent under normal operating conditions. I think that in 
this car tested by Professor Lockwood the efficiency of the bevel gears 
was 80 per cent. The results obtained by Professor Lockwood and 
Mr. Bachman, in the same car, are nearly alike if we figure that the 
loss in the gears is 20 per cent. Correcting Professor Lockwood's 
102 lb. for the gear loss, we come pretty close to Mr. Bachman's value 
of 126 lb. 

The abnormally high coefficient of friction in the front-wheel bear- 
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ings is surprising, even though they are of roller type. I understand 
that the figures were obtained by driving the front wheels partly 
jacked off the drums, so that there was just enough friction between 
the tires and the drums to overcome the friction in the bearings them- 
selves. I think this coefficient of friction is something like 5 per 
cent; in other words, the 75 lb. required to turn those bearings seems 
abnormally high. 

Prof. E. H. Lockwood: — The jacking up of the front wheel in this 
test probably was not well done. The front tire shows a half pound 
more pull than the rear tire; they ought to show the same. The re- 
sistance is probably too high for the front bearings, but I am sure the 
total for the car is right. 



EFFECTS OF TIRE CONSTRUCTION 

Chairman John W. Watson: — What part of the internal resist- 
ance is due to the suction of the tire on the road or drums ; there must 
be some suction, and it would become greater as the tire becomes softer. 

Prof. E. H. Lockwood: — I do not know about that, although I 
have been interested in what the effects of the vacuum cups were. 

A. K. Brumbaugh: — There must be some suction with plain 
treads, because they tear a road to pieces. It requires energy to suck 
the dust from a road and throw stones all over the neighborhood. 

Prof. E. H. Lockwood: — Our tire experiments were incidental to 
the general problem of making a complete power test of a car. This 
will explain why many important points were not investigated. 

In beginning power measurements at the rear tires, it was dis- 
covered that the inflation pressure produced a noticeable effect on the 
fuel consumption of the engine. This led to making all tests at uni- 
form inflation pressure, and finally to measurement of the difference 
in power loss due to various inflations, and loads. 

It is hoped to follow up this beginning by repeating the experiments 
on other tires of various sizes, when some of the questions raised here 
may be answered. It is important, of course, to be sure that the meth- 
ods are right, leading to correct results. The suggestions made in 
this discussion will be most helpful. 

R. E. Plimpton : — I should like to ask Professor Lockwood if the 
electrical readings made during the tests were fairly constant. 

Prof. E. H. Lockwood: — We had practically constant voltage, but 
the ammeter needle would sway back and forth. We were in a build- 
ing where there was an elevator, and we generally waited a minute 
to let the needle swing back and forth. We could not measure a 
single reading there closer than half a pound, I am sure; so that 
when we plot the results on cross-section paper the points are pretty 
well staggered, but we could repeat the tests and get corresponding 
results. When we repeated them on the Chalmers car six weeks 
apart, they did not agree exactly, their variation being as much as 
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three pounds. During that time the car had been overhauled and 
the bearings changed, which ought not to affect the transmission 
but we did not check up to the pound on the rolling resistance of the 
car. I feel sure that that was due to the car and not our apparatus 
— a brake band or something like that — and that there was really 
more or less friction in the two cases. 

R. E. Plimpton: — Professor Lockwood gives a temperature ob- 
tained from calculating the heat energy absorbed, which is within 
2 deg. of that found by actual measurement. It seems to me that 
that is pretty close work, because his calculated value must necessarily 
be an average value. If he takes but one measurement of temperature, 
it must be done quickly with a thermometer to get a true reading 
before the tire cools. If three or four measurements were taken, the 
results would be more accurate, and the tests might be more nearly 
comparable. 

INFLATION PRESSURE AND TEMPERATURE 

Prof. E. H. Lockwood: — If the heat is given out by the flexure 
of the rubber it goes more or less into the rim, the metal parts and the 
rubber casing. I assume that the rubber would be a better conductor 
of heat than the wood and that the heat would be all diffused. I 
presume that the rim would dissipate some of the heat too. 

We measured the temperature by placing the thermometer bulb on 
the tire, protecting it by a piece of waste. The rubber was apparently 
of uniform temperature at the surface, and retained its heat for some 
time after running. The inflation pressure of the two tires differed 
by 6 lb., one being our standard pressure, and the other lower. The 
surface temperature of the two tires differed by one and one-half 
degrees, the one with lower inflation being hotter. This difference con- 
firms the theory that the effect of lower inflation is greater production 
of heat. 

I have reported this experiment as helping to explain the cause of 
tire resistance, and I believe the observations are substantially correct 
even if made with simple appliances. 

A. K. Brumbaugh: — In order to get efficiency out of the tires, is 
it necessary to inflate them so hard that one cannot possibly stay in 
the car? 

Prof. E. H. Lockwood: — I should say that the best power effi- 
ciency is obtained by running the cars with the tires very hard; let 
the tires stay hard and get the comfort in some other way. 
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HEAD-LAMP DESIGN AND ITS EFFECT 

UPON GLARE REDUCTION 

By Alden L. McMurtry 

(Member of the Society) 

The problems of the head-lamp have been discussed from prac- 
tically every viewpoint without arriving at any decision on most of the 
points in question. The result has been to add to the confusion al- 
ready surrounding the subject. Some of the numerous arguments put 
forth disclose a lack of experience either in the use of head-lamps or 
with the average conditions that obtain in night driving. 

Types of Headnlampa. There are two distinct types of head-lamps 
in use to-day, namely, the acetylene lamp with its lens-mirror and 
acetylene flame as a source of illumination, and the electric lamp with 
its paraboloid reflector. But since only a small percentage of the total 
are acetylene lamps we shall deal only with the electric type. 

Purpose of the Paper. It is the purpose of this paper to review 
the design and operation of the electric head-lamp in use on auto- 
mobiles at the present time; to review the principles involved in glare 
reduction and to draw conclusions regarding the merits thereof. 

As the subject dealing with the effect of glare is a study in itself 
it will not be considered in this paper. It should be noted however 
that any light of sufficient intensity to illuminate properly a road used 
by motor vehicles will, unless properly directed or modified, cause 
the effect of glare upon users of the road who are facing the light. 

Terminology. The terminology used in referring to the component 
parts of the head-lamp is as shown in Fig. 1. 

HEAD-LAMP PARTS AND THEIR FUNCTIONS 

The essential units of a head-lamp from the lighting point of view 
are the reflector, bulb, and socket, (including the socket-adjusting 
device). The three are of equal importance in the design of a head- 
lamp. 

Paraboloid Reflector. The reflector is a paraboloid mirror or re- 
flecting paraboloid usually made of metal, the reflecting surface being 
of silver or nickel, or in some instances gold. An axial section «f the 
reflector surface is a parabola. 

Suppose the reflecting surface to be a true paraboloid and the 
source of light to be a mathematical point located exactly in the 
focus of the reflector. Then all light rays, which emanate from this 
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point and which strike the reflecting surface, will be reflected in a 
direction away from the apex in lines parallel to the axis of the re- 
flector. Fig. 2. An ideal reflector and point light-source would thus 
have a uniform parallel beam the sectional area of which would be 
equal only to that of the projected area of the reflector. This condition 
is not only impossible but undesirable for practical purposes. It is 



Rim 




Fia. 1 — Showing Names of Hbad-Lamp Parts 

considered only to show the fundamental theory of the projection of 
light from a paraboloid surface. 

If a paraboloid reflector is made within reasonable manufacturing 
tolerances it will more than fulfill all reflector requirements for auto- 
mobile purposes for the reason that the source of illumination is not 
a point but an area of considerable magnitude. 

Reflector Support. The support of the reflector within the lamp 
housing is an important matter if the direction of the cone of light 
emitted is to be restricted or confined to a certain area. The average 
reflector is supported by three or four hooks, which also hold the lamp 
door. Fig. 3, 
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Holding the reflector to its support by a number of screws is the 
most logical method of securing a permanent position. Fig. 4. 





Fig. 2 — Rays of Light Under Ideal Conditions 

Socket-Adjusting Devices, The socket-adjusting device, otherwise 
known as the focusing device, is the most important detail in the de- 
sign of a head-lamp. It permits or should permit of a forward and 
backward movement of the socket along the reflector axis in order 



Fig. 6 — ±iooK Method of Supporting Reflector 

to place the source of light in proper relation to the reflector. Fig. 5. 
One of the almost universal defects of head-lamps is the limited socket 
adjustment. In some lamps the possible adjustment is about one half 
of what it should be, so that satisfactory results are obtainable only 
from a specific size and type of bulb. 
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Fia. 4 — Reflector Held in Position by Screws 

A number of 1917 cars are fitted with head-lamps in which the 
socket adjustment is so limited that it is impossible to adjust properly 
the bulb with respect to the reflector. 




Fig. 5 — Positions of Socket in Head-Lamp Reflector 



Various types of socket-adjusting devices and methods are sup- 
posed to lock or maintain the socket in position. I shall classify them 
by the manner in which they are operated. 

The external adjusting type includes all devices that permit of 
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socket adjustment without opening the door or disturbing any other 
part of the lamp. Fig. 6. 

The rinv-adjusting type includes all devices that permit of socket 
adjustment at the rim of the reflector. Fig. 7. 

The bulb-adjusting type includes all devices in which the adjust- 
ment is obtained by pushing, pulling or rotating the bulb. Fig. 8. 

The rear-adjusting type includes all devices that operate from the 
rear of the reflector and require that the reflector be removed to make 
the adjustment. Fig. 9. 

While the socket-adjusting device is the most important part of the 
lamp it is unfortunately most frequently defective. Lost motion in the 
socket-adjusting device not only makes it difficult to focus properly a 
bulb but permits the vibration of the car to alter its position. 



Fig. 6 — External Type of Adjusting Socket 

The bulb-adjusting type is undesirable because if it is sufficiently 
stiff to retain the bulb in position, the latter tends to become loose 
from its base during adjustment. This is true particularly of those 
devices in which the adjustment is obtained by rotating the bulb. It 
is not unusual in the use of this type of device for the bulbs to break 
in the course of adjustment and cause injury to the hand in spite of 
the use of gloves. 

Another defect of the socket-adjusting device that is not generally 
understood or appreciated is the lost motion in the device itself or 
between the socket and the bulb base. This lost motion permits dis- 
placement of the light source radially, that is, out of the reflector axis. 
Fig. 10. A small displacement of this character distorts the beam to a 



Digitized by 



GooQle 



392 THE SOCIETY OP AUTOMOTIVE ENGINEERS 

considerable extent and causes a distressing light distribution. 
The subject of radial displacement is of considerable importance 
and will again be considered under the heading of bulb bases. Any 
socket-adjusting devices that require or permit of radial displacement 
of the source of light should not be tolerated. 

It is difficult to secure proper focusing and, in some cases, proper 
aiming, with any type of socket-adjusting device, unless it is readily 
accessible without partly dismantling the head-lamp. Such devices 
are therefore not to be recommended. It is difficult enough for the lay- 
man to secure correct adjustment without his having to dismantle 
(and perhaps incorrectly assemble) the head-lamp to do it. 



Fig. 7 — Rim Type of Adjusting Socket 

Bulbs and Bulb Parts, The bulb is the complete unit containing 
the source of light. It consists of a globe, base, and bulb mount (in- 
cluding the filament). The different portions of the bulb will be re- 
ferred to in the manner indicated in Fig. 11. 

Types of Bulbs. The two general types of head-lamp bulbs are 
known commercially as the B and C types. The B, or vacuum type, 
contains a tungsten filament, generally in the form of a helix. The 
average axial length of the coil is about 15/64 in. and the maximum 
diameter 9/32 in. In the early types it was necessary to anchor the 
filament to protect it from vibration, but refinement in the methods of 
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manufacture have increased the strength of the filament and have 
made the anchorage unnecessary. 

The C type is a recent development, which produces more light for 
a given current consumption than does the B type. The C type bulbs 
are filled with an inert gas, one object being to allow the filament to 
attain a higher temperature without disintegration, which is one of 
the factors determining the life of a bulb. 

Bulb Base, Prior to the introduction of the automobile head-lamp 
bulb all miniature bulbs were fitted with the miniature or candelabra- 
screw type of base. This type was soon discarded because the vibra- 
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tion loosened the bulb from the socket. The present bulb base, known 
as the Ediswan or bayonet type, has been adopted because it cannot be 
loosened by vibration and also because the position of the base in the 
socket is always the same. As standardized by the Society of Auto- 
mobile Engineers there is a clearance of from .003 to .007 in. between 
the socket and the base. 

Globe, The globe or glass envelope of a head-lamp bulb is gen- 
erally spherical in form, the two sizes used for head-lamp purposes 
being respectively 2 1/16 and 1% in. diameter. Other forms of globes 
have been made from time to time with different ideas in view. The 
advantages gained by the use of a tubular or straight-side bulb, aside 
from a question of stray light, are more imaginary than real. 
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The shape and size of the globe are referred to by letter and num- 
ber. For example G indicates a globular form and the number follow- 
ing it indicates the number of eighth-inches in the nominal diameter, 
thus: a G-12 globe is a round or globular envelope, 1% or 12/8 in., 
diameter. 

Filament Shape. No unit of a head-lamp has undergone such 
numerous changes from time to time as has the shape or form of the 
filament. A few of these different forms are shown in Fig. 12, includ- 
ing both the B and the C types. 



Fig. 9 — Socket Adjusted from Rbab of Reflector 

The filament area is the area of the cross section through the axis 
of a solid figure formed by the rotation of the filament about the base 
axis. In the case of the so-called vacuum type helical-coil filament, the 
cylinder formed by the rotation of the filament has a cross section 
through its axis with a height and breadth equal to the length and 
diameter respectively of the helical coil, the product being termed the 
''filament area." In like manner the rotation of a gas-filled type of 
bulb with a V-shaped filament produces a cone whose cross section 
through its axis of revolution is a triangle. 
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If this area of the filament is small the image produced by the bulb 
is correspondingly small. On the other hand if the area is exceedingly 
large the image will be large but of considerably less intensity. 

The peculiar construction of the type C or gas-filled bulb filament 




WiQ, 10 — Position of Bulb Dub to Lost Motion in Socket 



permitted the latter to be formed in various shapes. It is only within 
the past year that the bulb manufacturers have made any experiments 
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B^o. 11 — Terminology for Parts op Bulb 



to ascertain the resultant beam of light when bulbs of different fila- 
ment-shapes were placed in an automobile head-lamp. 

FociiB Length, The focus length of a bulb is the distance from 
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the center of the filament to the filament side of the anchor pins. Bulb 
manufacturers have been able to keep the focus length within close 
limits. One detail of bulb manufacture, the importance of which has 
only recently been realized, is the necessity of placing the center of 
the filament in the axis of the bulb base. With the B type of filament, 
which covers a large area, this item was not considered seriously, but 
with the small concentrated C type filament it becomes an important 



Fig 12 — Examples op Head-Lamp Bulb Filaments 

factor in the attempt to get a uniform beam of reflected light from 
the head-lamp. 

FOCUSING THE BULB IN THE HEAD-LAMP 

We have considered the fundamental theory of the projection of 
light from a perfect paraboloid refiecting-surf ace and a point source of 
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light. We shall now see what happens when the light source is not a 
point. 

As the focus of the reflector is a point, it is evident that only one 
point of the filament of the bulb can occupy this position, and rays 
emanating from this point, after reflection, will proceed in lines 
parallel to the axis of the reflector. Rays from all other points of 
the filament, however, will be reflected from the reflecting surface at 
an angle to the axis. This is the reason why each point on the re- 




FiG 13 — Light Cones Near. Edge and Apex op Reflector 

flector reflects the image of the filament and sends out a cone of light. 
The cones emanating from points on the reflector near the apex have 
bases of Considerable area while those reflected from points hear the 
edges have small bases. Fig. 13. The resultant beam is a blending 
of these cones and the illumination produced depends entirely upon the 
form and area of the filament. 

Having described separately the essential units of a head-lamp we 
shall note the various results obtained in the projection of light. The 
first important operation after placing the bulb in the socket is the 




Pig. 14 — Imperfect Image — ^Diverging Light Rats 

focal adjustment. This adjustment depends upon the form of the 
reflected cone of light desired. Previous articles describing the opera- 
tion of focusing a head-lamp have contained no set of terms to desig- 
nate the different results. As it is practically impossible for the 
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average person to determine the location of the center of the filament 
with respect to the focal point of the reflector any description based 
on such a point is indefinite. I have found it desirable therefore to 
refer to the focal position of the bulb by the image the reflected light 
makes on a screen, fence, or other plane surface perpendicular to the 
axis of the lamp at a distance of not less than 10 ft. Similar images 



LlQHT IMAQKS OBTAINED IN ADJUSTING BULB FOCAL POSITION Fig. 15 (Upper 

Left), Imperfect Image — Diverging Rays. EMg. 17 (Upper Right), Large 

Image — Diverging Rays. Fig. 19 (Lower Left), Medium Image — 

Converging Rays. Fig. 21 (Lower Right), Small Image — 

Pencil Rays 

can be obtained from the lamp in two ways, namely, by diverging 
rays, and by converging rays. 

Starting with the fllament of the lamp placed back of the focal 
point we have an image with a black spot in the center. Figs. 14 and 
15. This adjustment is undesirable because the light distribution upon 
the road is such that black spots are visible. The majority of the 
rays in this case are useless because the wide angle of projection 
carries them to a considerable extent off to the sides and up into the 
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FM. 24 — ^LiABOB ImAOB— CONVBHOINO RATS 
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air. This adjustment, which unfortunately is extensively but often un- 
knowingly used, has helped to cause glare agitation. 

The next adjustment is that in which the bulb of the lamp is 
moved slightly forward so that the black spot is eliminated. Figs. 16 
and 17. This adjustment is known as the large image and gives the 
greatest angle of unbroken light. Again moving the bulb slightly 
forward we get an image, the diameter of which is considerably 
smaller, but as the cones of light projected from the reflector partly 



Fia. 25 — Imperfect Image — Converging Rays 

overlap we get a second or smaller and concentric image, but one of 
greater brilliancy, Fig. 18 and 19. By moving the bulb forward 
until the center of its filament is slightly in front of the focal point 
of the reflector we And that the two images observed in the previous 
position now completely overlap and make one image of maximum in- 
tensity, Figs. 20, 21 and 22. This is the smallest image that can be 
obtained by a focal adjustment unless the area of the fllament is 



Fio. 22 — Side View of Image Pig. 26 — Side View of Imperfect 

Shown in Pig. 21 Image (See Fig. 25) " ' " 

decreased. Continuing to move the filament farther out we repeat 
the images explained above, except that the rays of light that were 
formerly diverging now converge, Fig. 23 to 26. 

Experience has shown that it is simpler to indicate the focal ad- 
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justment of an automobile head-lamp by referring to a large, medium, 
or small image for the reason that it is difficult to determine by meas- 
urements or otherwise when the geometric center of the filament co^ 
incides with the focal point of the reflector. 

The ignorance of the car owner on the subject of focusing a head- 



Fia. 27 — Bulb Rbflection- 
Stray Light 



Fig. 28- 



-Imagb With No-Bulb 
Reflection 



lamp can be excused for the reason that few if any automobile instruc- 
tion-books contain any information on the subject. 

Reflected Bulb Light, — Since the distance from the center of the 
filament to the edge of the base is ordinarily made 13/16 in. for head- 





FiGS. 29 AND 30 — Bulbs Painted to Eliminate Direct Light 

lamp bulbs, and since the center of the G-16% globe is 1 1/32 in. from 
the edge of the base, the center of the filament is 7/32 in. from the 
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center of the bulb. It is impossible to correct this difference in the 
G-16^ globe for the reason that in some cases the globe itself is so 
close to the apex of the reflector that the focal adjustment back of the 
focal point is limited. In the G-16^ bulb the filament is not in the 
center of the globe, so that the light reflected from the globe surface 
strikes the reflector at an entirely different angle from that of the 
light of the filament. This light forms a secondary image that is 
impossible to control. 



PiQ. 31 — Immovable Head-Lamp Support 

Photometric tests show that this light has a value of from 5 to 8 
per cent of the total light from the bulb. This becomes an important 
item when the beam candlepower amounts to 10,000 or over, for it 
then gives the reflected bulb-light a value almost equal to the light 
from the same lamp fitted with a frosted front glass. Figs. 27 and 28. 

In the G-12 bulb (1% in. diameter), the filament is approximately 
in the center of the globe so that the image of the filament refiected 
from the globe surface almost coincides with the filament itself. The 
slight difference in position makes the filament appear to be of a 
slightly different shape or slightly larger in area. Both the G-12 and 
the G-16% bulbs cause other refiections from such parts as the tip of 
the globe and the bulb mount. The latter refiections, however, are not 
of great importance. 

Direct Light is the light that comes, without being reflected, di- 



Digitized by 



GooQle 



HEAD-LAMP DESIGN 403 

rectly from the filament. It illuminates the road and the sides of the 
road directly in front of the car. That portion of the direct light 
which rises above the axis of the lamp is practically useless and in the 
case of momentary glare tends to prolong the effect. Painting a 
portion of the globe with an opaque paint, so that the filament of the 
bulb in the lamp cannot be seen above the axis of the lamp, will 
eliminate useless direct light. Fig. 29. In the case of the spot-lamp 



Fig. 32 — Immovable Head-Lamp Support 

all direct light should be eliminated by the painting method^ Fig. 30, 
thus eliminating the light thrown upon the hood and mud guards of 
the car. This method makes it impossible to see any but the reflected 
light and the diffused light of the reflector, the latter being too small 
an item to be considered. 

Radial Displacement of the Filament. The importance of proper 
focal adjustment has been explained, but there is one item of great 
importance that is generally neglected or overlooked, namely, the 
position of the filament with relation to the axis of the refiector. 
While defective sockets or socket adjustments are generally the cause 
of this displacement the fact must not be overlooked that the axis oi 
the filament is not always placed in the axis of the bulb base. Well- 
made lamps have little or no lost motion in the sockets and bulbs as a 
rule have only a slight variation in the position of the filament. Cases 
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are numerous, however, of defective lamp and bulb construction. 
Some bulbs, especially those of the Ford type, are made with the axis 
of the filament displaced from the base axis or it becomes so displaced 
from the effect of vibration, of operating at voltages above normal, 
or from both effects. The result of this displacement is a distorted 
im.age that unfortunately has a tendency to raise the beam of light. 

AIMING OF HEAD-LAMPS 

On a foggy night it is partipularly noticeable that the head-lamps 
on cars are not properly aimed. Fully 50 per cent of the lamps are 
projecting the rays of light so that little of the light strikes the road- 
way. I believe this is due to ignorance rather than to carelessness. I 
have in mind one car owner who purchased fourteen different types 
of bulbs in order to improve road illumination, when the chief difficulty 
was that the lamps on his car were so aimed that hardly any of the 
light fell upon the road. It is only recently that proper attention 



Fig/ 33 — Immovable Arrangement of Head-Lamps 

has been paid to the aiming of the head-lamp. In the majority of 
cases head-lamps are aimed so that the front glasses are aligned with 
the rest of the car simply as a matter of appearance. In a number of 
cases the brackets supporting the lamps will not permit of any adjust- 
ment or alteration. Figs. 31, 32 and 33.* This often results in ineffi- 
cient road illumination, and is one of the causes of glare production. 
It is natural for the owner of the car to assume that the lamps have 
been set to give maximum efficiency, but this is frequently not the 



•This lamp however is said to be adjustable by tilting the reflector inside 
the containing case. 
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case, although some manufacturers do take pains to see that the 
light projected is kept below the 42-in. limit. 

It must be admitted that, in a majority of cases, the price and ap- 
pearance govern the selection of head-lamps. Whether this is the 
result of ignorance or is a matter of economy I am not prepared to say. 

Until the public becomes as particular about the design and con- 
struction of the head-lamps of a car as it is about the type of carbu- 
reter or ignition system employed, defective lamps will doubtless con- 
tinue as standard equipment. This is a matter that can be largely 
controlled by the automobile buyer if he will insist upon proper con- 
struction. The manufacturer of automobile head-lamps is only too 
willing to turn out a lamp of proper design and construction, pro- 
viding, of course, the automobile manufacturer will pay a fair price 
for it. But as long as the lamp manufacturer is called upon to 
furnish two head-lamps and one tail-lamp at a price of less than three 
dollars per set, we cannot expect a product that will give more than a 
partial control of the projected light. 

If the average driver would have his car driven toward him so 
he could see the effect of his own lamps, there would be less blame 
placed upon "the other fellow" and a more concentrated effort by both 
to lessen the effect of glare. 

SUMMARY OF CONCLUSIONS REGARDING DESIGN 

Before considering in general the methods employed in glare re- 
duction let us summarize the details of head-lamp design that should 
be given more careful consideration. 

Reflectors should be permanently attached to supports. 

Socket- Ad justing Devices. At present most socket- 
adjusting devices are faulty and must be made more 
secure. Bulb and rear adjusting devices should be dis- 
carded. 

Sockets must be made to closer tolerances and must 
be located with their axes in the axis of the reflector. 

Bulb. The G-16% bulb should be discarded. The 
filament of the G-12 bulb is located near the center of and 
in the axis of the bulb and makes it far more satisfactory 
for use in head-lamps. 

Correct aiming of head-lamps is most important. 

Filament Area, Only such bulbs as have a filament 
area complying with the S. A. E. standard should be used. 

THE GLARE PROBLEM 

Agitation over the effect of glare caused by powerful head-lamps 
has gradually increased until we are threatened with drastic legis- 
lation. Attempts by authorities to eliminate glare completely by 
means of laws have, in some cases, resulted in the almost complete^ 
elimination of road illumination. In a number of cases accidents 
have resulted from this lack of illumination and in one or two in- 
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stances the laws have not been enforced or have been declared invalid 
on account of this fact. 

The effect of glare, which may be considered in three stages, has 
become a subject of vital importance. The acetylene head-lamp was 
universally used for road lighting until 1912, when the introduction 
of the electric head-lamp brought about the first serious complaint 
of the effect of glare. The second stage came with the shifting of the 
driving position from the right-hand to the left-hand side of the car. 
Then automobile drivers were themselves subjected to serious incon- 
venience, not to say danger, because they remained in the beam of 
reflected light thrown by the head-lamps of approaching cars for a 
much longer time than before. The third or culminating stage was 
reached with the introduction of the nitrogen or C type of bulb with 
its concentrated filament of great intrinsic brilliancy, which caused the 
effect of glare to be experienced not only by all drivers, but also by 
all users of the highway. 

Glare Regulation. The problem of the regulation of glare* from 
automobile head-lamps will never be solved until we determine abso- 
lutely upon what basis it is to be attacked. Various laws are based 
upon entirely different conditions and under these conditions the glare 
from a head-lamp varies. Too many factors are involved in the pro- 
duction of glare to permit of complete analysis in this paper. One 
of these, however, arises from the fact that glare depends not only on 
the actual candlepower and intrinsic brilliancy of the source but also 
upon the illumination of its environment. This illumination varies 
from the brilliantly lighted city streets to the dark country roads, 
on which the effect of glare will be found at its maximum. I there- 
fore propose that in considering automobile head-lamps from the glare 
standpoint ail tests or comparisons be made with the head-lamp in an 
environment of absolute darkness. 

Testing of ^'Non-Glare" Devices. It is regrettable that the num- 
erous methods of conducting tests of devices for reducing the effect 
of glare have resulted in considerable confusion. This is the result 
of a lack of system in determining the conditions under which the 
devices are to be tested. Unless some standard form of test is devised 
we shall continue to read conflicting reports of the same device or 
method. I suggest the following methods of test: if the devices are to 
be tested out strictly from the automobilist's point of view then two 
cars, equipped with the same device and operated under identically 
the same conditions of bulb, voltage, candlepower, and focal position, 
should be used. The cars should be made to pass each other on an 
absolutely dark road at various speeds and the contrast between the 
road illumination of one car and the glare from the lamps of the other 



*Back Glare. Defractive halation, commonly known as back glare, is 
caused by light from the head-lamps being reflected from particles of mois- 
ture in the form of fog or rain. This halation makes it very difficult to see 
objects at a distance from the car which would be discernible m the daytime 
under the same condition of fog. This effect has little to dp with the subject 
of glaring head-lamps although the two are sometimes confused. 
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car should be the means of determining the efficiency of the method 
employed. The speed of the cars is a factor of no little importance. 
The psychological effects of passing glaring lamps at the rate of 
5 and at 30 m.p.h. are entirely different. 

Tests of non-glare devices are generally carried out on a country 
road which is frequently used by those making the test. Their knowl- 
edge of the road and the curves to be encountered aids them greatly in 
seeing by means of a subdued light. Should they, however, test out 
the same device on an absolutely unknown road the results obtained 
would be entirely different. 

A number of advertisements of non-glare devices use photographs 
to show the road illumination. Unless these photographs have been 
made under the same conditions, namely, of atmosphere, length of 
exposure, size of diaphragm, speed of lens, and type of photographic 
plate employed, they will be useless for the purpose of comparison. 
It is possible to get almost any desired result upon a photographic 
plate with proper manipulation. For this reason I have purposely re- 
frained from the use of photographs to show light-distribution from 
automobile head-lamps. 

METHODS OF GLARE REDUCTION 

All devices or methods for glare reduction depend either on the 
reduction of light or the limitation of the light zone. 

The principles on which devices using the reductwn of light method 
are based can be classified as (a) dimming the light; (b) change in 
color of light; and (c) diffusing the light. 

(a) Dimming the light is accomplished by lowering the voltage of 
the circuit at the bulb, either by means of a rheostat or series con- 
nection, which reduces the candlepower of the bulb. This, however, 
does not alter the light distribution, so that dimming the light to the 
extent that at the point of maximum illumination there is no effect of 
glare makes a light* useless for road illumination. 

(b) Change in Color of Light, Attempts have been made to reduce 
glare by the change in the color of the light, but I have yet to learn 
of any real success with this method. Any reduction in glare by this 
method may be caused by the loss of light due to the absorption by this 
color screen or glass. 

(c) Diffusing Methods. The diffusion of light from a source over 
a much larger area produces a secondary ''source," the intrinsic 
brilliancy of which is less than that of the primary source. In the 
case of frosted bulbs for example the light from the small arda of the 
filament is diffused over the surface of the bulb. The surface of the 
diffusing screen should be increased with any increase in the candle- 
power of the bulb. The effectiveness of the diffusion method there- 
fore depends upon the candlepower of the light source and the area 
over which the light is diffused. Any variation in the current passing 
through the filament of the bulb itself changes the effectiveness of this 
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method. For example, when a Ford engine runs at high speed the gen- 
erator produces a voltage such as to give a light of the greatest in- 
trinsic brilliancy. A screen that will diffuse this- light properly will 
make the light at ordinary speeds of the engine practically useless as a 
road illuminant. 

Facts such as these make it apparent why it is unwise, not to say 
unsafe, to issue a certificate of approval covering a specific type or 
make of glare-reducing device. For example, a screen or so-called 
''lens" used on a lamp with a 20-cp. bulb may diffuse enough light to 
reduce the glaring effect sufficiently. But if the owner changes to 
a bulb of higher candlepower (as he is apt to do when so much light, 
which should be used to illuminate the road, has been absorbed or 
diffused) the lamp at once becomes glaring, although the certificate 
protects the owner from police interference. 

With the diffusion method the light distribution on the road g^ives 
a brilliant foreground with no distant illumination. The contrast 
between this brilliantly lighted foreground and the poorly illuminated 
backgn^ound makes night driving at any high or even moderate speed 
dangerous and tiresome to the eyes. 

A serious objection to the diffusion method is the fact that any 
reduction of glare at a distance from the car is added to the effect 
of glare when near the car. Supporters of this principle have sug- 
gested laws the wording of which is such as to overlook this serious 
defect. This adds to the confusion regarding non-glare legislation. 

The principles on which devices using the limitation of light zone 
method are based can be classified as (a) cutting off light ordinarily 
outside of zone where light is required; (b) tilting of lamps; (c) de- 
flection of light; and (d) modified reflectors for bulb or head-lamp. 

(a) Cutting off Portions of the Light by means of opaque devices 
or of paint on the bulb, reflector, or front glass may decrease the beam 
candlepower ;50 per cent or more.. This of course is poor engineering 
practice. Furthermore this method is effective only when the bulb 
is in proper focal adjustment. For example if the upper half of the 
front glass is painted then the bulb must be focused to project a 
diverging beam. Should vibration cause the bulb to move forward 
sufficiently the beam will become converging, all road illumination 
will be lost and the unrestricted light directed upward. 

(b) Tilting the Larnp^, Without doubt the simplest and cheapest 
effective method of glare reduction is the tilting of the head-lamps. 
Whi^e the light distribution upon the road is limited in certain respects 
it i& far- more effective than obtained from any of the previous methods . 
discussed. While it is essential that the bulb be focused properly 
the percentage of useful light on the road is very high with this 
method. 

(c) Deflection of Light, Deflection of the light is accomplished 
by the use of prismatic glass fronts that tend to redirect all or a part 
of the reflected light. The redirection of the light in some devices 
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not only keeps it within the zone in which glare is not objectionable, 
but also distributes it over a greater width of road. It is an advantage 
therefore to use a device of this character, irrespective of the existehce 
of glare regulations. 

(d) Modified Reflectors, Satisfactory results can be obtained by 
the use of a modified reflector composed of two half paraboloids, the 
axis of the upper one being so inclined or displaced as to throw the 
light toward the ground. In another form the bulb is partly sur- 
rounded by a reflector of peculiar design so arranged as to cut off the 
light or deflect it so that it will be thrown upon the road. Both of 
these devices are an advantage in that they increase the illumination 
of the roadway at a point where it is most desirable to have good 
illumination ; when properly applied, they prevent the light from rising 
above the 42-in. limit Care must be taken however to see that the 
filament is properly focused. 

COMPROMISE IN SOLUTION OF GLARE PROBLEM 

The confusion incident to the problem of regulating head-lamps is 
caused by the attempt to discover a method or means for the absolute 
elimination of glare without reducing to any appreciable extent the 
road illumination. This is practically impossible, because the ulti- 
mate solution of the problem must result in a compromise between 
the value of the road illumination and that of the glaring effect 
produced by the lamps. For instance, if the diffusion principle is 
adopted there cannot be sufficient illumination on the road without 
causing disastrous glare effects when near the car. If the deflection 
principle is adopted a certain amount of momentary glare due to the 
position of the car must be permitted in order to gain the advantage 
of proper road illumination, while at the same time preventing the 
effect of glare for probably over 85 per cent of the time the head-lamps 
are in use. In suggesting any means for glare reduction which may 
possibly be adopted in future laws, another thing must be remem- 
bered: the effectiveness of the law depends upon the manner in which 
it can be enforced by the average officer. Therefore simple regulations 
are much to be desired. The simplest method of determining glare 
reduction will be most effective because of the greater probability oi 
universal enforcement. 

At the same time in seeking simplicity and freedom from highly 
technical requirements it is unwise to allow regulations to drift into 
vagueness or ambiguity. The automobilist wants to know precisely 
the limitations of the law. While he has every intention of complying 
with the law he also wants the best road illumination the law will 
permit. A source of light of 1 cp. will cause the effect of glare if of 
sufficient intrinsic brightness. Therefore the specification "must not 
glare or dazzle" is most vague. Until we have a standard unit of 
glare measurement, we must not tolerate such vague requirements. 

The principle of the limitation of light zone has been endorsed by 
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various ors^anizations, including the Society of Automobile Engineers. 
It is the most effective from the user's point of view because it reduces 
glare with the least loss of useful light and in most applications in- 
creases the amount of light upon the roadway. It is the method 
most readily covered by a simple and easily understood ordinance, an 
ordinance which is not only effective in accomplishing the desired 
result but with which it is easy to comply and which it is correspond- 
ingly easy to enforce. When once properly applied any change of 
voltage or candlepower of bulb (providing proper focus is maintained) 
does not alter its effectiveness. Bulbs of almost any candlepower can 
be used without altering in any way the light distribution or glare 
reduction. 

Unlike the diffusion method there is less glaring light near the 
car, and this is an important item when two cars are passing on a 
narrow road. 

Limiting the light zone will not, however, prevent glare when the 
car is passing over an uneven road, or over the top of a hill. 

One of the greatest factors of safety in night driving is the projec- 
tion of light some distance in front of the car. It acts as a warning 
to others approaching the highway from intersecting roads that an 
automobile is coming in another direction. 

The projection of light at the side of the road when the automo- 
bile is making a turn is a warning to others around the turn that a 
car is approaching. With the diffusion method this factor of safety 
is eliminated. 

COMPARISON OF GLARE REDUCTION METHODS 

The advantages of the Diffusion Principle are: 

1. Focusing not necessary. 

2. Aiming of lamps not important. 
Its disadvantages are : 

1. Determination as to amount of glare most difficult. 

2. Glare varies with change in voltage. 

3. Glare increases when bulb of larger candlepower is used. 

4. No distant illumination of road. 

5. Effect of glare greatest near car. 

6. No warning beam in advance of car. 

The advantages of the Limitation of Light Zone Principle are : 

1. No expense to tilt lamps. 

2. Distant road illumination excellent. 

3. No glare whatever near car. 

4. Most efficient light distribution on road. 

5. Simple method of determining compliance with reasonable 

ordinance. 

6. Temporary changes in voltage or in candlepower of bulb do 

not cause change in glare, providing bulb is properly 
focused. Practically no limit to amount of light that can be 
used safely so long as it is kept below 42-in. limit. 
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7. Warning beam can be seen many feet in advance of car, and 

helps to reduce contrast between approaching head-lamps 
and roadway. 

8. Height of a beam of light can be absolutely determined in 

daytime by looking into lamps from point ahead of car and 
so adjusting them that reflected light does not strike eye 
when latter is more than 42 in. above ground. 
Its advantages are: 

1. Exact focusing necessary. 

2. Causes momentary glare when car is passing over top of 

hill, or extremely rough or uneven roads. 

author's conclusions 

No mention has been made of any devices designed to reduce or 
eliminate glare, for we must first decide after a thorough discussion 
which principle of glare reduction will be most effective. With that 
problem solved, we can then consider the various methods based upon 
the approved principle and later on the devices themselves. I do not 
mean to infer that there are not on the market to-day effective de- 
vices for glare reduction, but I prefer that the subject be discussed 
with due regard to the order of importance of its respective phases. 

We must first select the best principle upon the basis of which the 
design is to be carried out; we must then select the most efficient 
method of applying this principle; and we must finally see that the 
method is such that an ordinance can be framed to render it effective. 
The last requirement means that the simplest form of test must be 
applicable so that there can be no question regarding its enforcement 
by officers of average intelligence. 

While there are but two principles to be discussed there are almost 
four million automobile car owners awaiting some definite information 
regarding the reduction of glare. 

If the consensus of opinions expressed in the discussion of this 
paper favor one principle over the other the author feels that its 
purpose has been accomplished. 

DISCUSSION 

H. W. Slauson: — What quality of road illumination is it that 
causes unevenness in the road, holes or shadows, to stand out more 
prominently with one type of lamp than with others? It seems that 
one type will cause a shadow or maximize the effect of holes or 
shadows in the road, while another will give an appearance more 
similar to daytime illumination. 

Prof. F. R. Hutton: — The kernel of Mr. McMurtry's paper is his 
expression of the need of a unit of illumination. I suggest that Mr. 
McMurtry use a screen having some surface that he has yet to create 
and that gives an effective 100-per-cent reflection; and that from this 
we shall photometrically determine what is the amount of candle- 
power return from a square foot of the thus-illuminated area. 
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I ran into a singular experience down on the shore some time 
since, where a head-lamp illuminating a certain area gave full warn- 
ing of the approach of the car to the horse-driver starting a dark 
horse out of a side-lane; but this illumination did not make the horse 
— a bay — visible to the car-driver. The tangle of the legal discussion 
as to responsibility for a subsequent collision centered on the distinc- 
tion, which the lawyer refused to let me make, between visibility and 
illumination. We can determine how many candlepowers strike a 
given area; this is illumination. But it is quite different from visi- 
bility, which introduces the human factor, the condition of the retina 
of the eye to receive impressions of objects. The thing that may be 
well illuminated may have a low visibility. If the eye is blinded, if 
the nerves in its center can no longer take cognizance and the lens- 
muscles no longer control illumination, visibility has disappeared and 
a person is, as it were, blind. Glare is the excessive illumination per 
square foot of illuminated surface that the nerve centers in the back 
of the eye, or the retina, refuse. Below that the eye says, "All right. 
I can see perfectly well." Above that the sense of vision is not carried 
back to the brain. 

W. F. Little: — Mr. McMurtry has dealt with three types of head- 
lamps; those which: (1) Concentrate the beam; (2) Deflect the beam 
below the horizontal; and (3) Diffuse the beam. 

Those who favor the first method desire the smallest possible beam, 
believing that the direct light from the lamp will take care of the 
illumination near the car and a^ sufficient spread will be had for the 
distant points. The concentrated beam makes visible objects within 
this beam, and renders invisible objects without, by reason of contrast 
between the brightly and dimly-lighted areas. Also, as the eye is 
adapted to the more brightly-lighted areas, it has greater difficulty 
in discernment in the. less bright areas. Those believing in the de- 
flection of light type usually desire a more or less fan-shaped 
beam below the horizontal, 'producing- illumination back to the 
car. The deflection of the, beam below the. horizontal makes 
the objects within the beam visible; to a lesser extent because 
of its lesser intensity. It does to. a certain extent render surrounding 
objects visible. In order to illuniinate the surroundings, the sacrifice 
of the beam must be great, as the total amount of light is spread over 
a large area. This type of headlamp also renders invisible practi- 
cally all objects above the horizontal; therefore only such portions of 
vehicles and pedestrians are seen as are below the axes of the lamps. 
Those believing in the diffusion of beam type desire a general spread 
of illumination, both above and below the horizontal. 

The diffusion type of head-lamp renders distant objects even less 
visible, because of the still greater sacrifice of the beam intensity. 

Obviously the vision of -prime importance lies in a restricted area 
in front of the car, and this area is usually covered even by the most 
concentrated beam. The discernment of the surroundings, while of 
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secondary consideration, is important. Is not therefore a proper 
balance of these three systems the best solution? 

Night vision is almost entirely contrast or silhouette vision, and 
we see by the same process for all three types of lighting. Even in 
daytime objects are frequently seen by contrast rather than by the 
light that falls upon them. Out-of-door night vision of artificially- 
illuminated objects is somewhat similar to twilight vision; all objects 
appear in various tones of gray, ranging from white to black, and 
color is seldom in evidence; therefore, sharp shadows and contrasts 
are necessary for clear vision. 

Fig. 34 shows the extreme details that are discernible with practi- 
cally no light upon the object. If lighted only by head-lamps the 
reverse of this picture. Fig 35, would be seen. 

i^'ig. 36 shows the appearance of the street surface when artificially 
illuminated. In the one case the surface is glossy, showing high 
specular reflection ; in the other it is mat, showing no reflection. Light 
from a head-lamp falling upon the glossy surface would be reflected 
upward, and the head-lamp would be far less effective for illuminating 
purposes than if it should be directed upon the mat surface, where the 
detail and shadow would be apparent. This answers a question pre- 
viously asked as to why head-lamps appear more effective on some 
streets than on others. 

Figs. 37 and 38 show the importance of directional lighting. In 
Fig. 37 all the street lamps are shaded so that no light is emitted at 
an angle higher than 65 deg. The actual illumination on the street 
surface in this case is greater than in Fig. 38, but the specular reflec- 
tion is killed by the obscuration of distant lamps, and the detail of the 
surface disappears. 

Another feature of projector lighting that should not be lost sight 
of is the difference in level between the driver and the head-lamps. 
Should the head-lamps be placed on the level with the driver's eye, 
practically all shadows would disappear, and a rough road would 
probably appear smooth and level. This difference in level should not 
be sufficient to exaggerate the unevenness of the road-bed. The driver 
soon learns the extent to which the road-bed is irregular by the length 
of the shadows. 

H. P. Gage: — It is flrst necessary to consider the kind of road that 
is to be illuminated. There are in general three distinct types of road. 
One the country road, which is little traveled, the only problem is to 
illuminate the road; a low intensity will answer, and it is not neces- 
sary to worry about glare, because the road is not much traveled. 
The second type of road is the much traveled macadamized or state 
road. Here many automobiles are operated on summer evenings, and 
therefore glare is a most serious obstacle. The third type of road is 
found in cities, where it is not necessary for the driver to carry his 
own light; the light is furnished by street lamps. Therefore it is only 
necessary to carry marker lamps, so that other people can see the 
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vehicle. It is the second type of road on which the great problem of 
head-lamp illumination is encountered. 

A laboratory study of the head-lamp will not reveal what it will 
do when placed on the front of an automobile and used, unless 
we take some means of bringing the road into the laboratory. 
To do this I have taken a number of photographs of roads under 
carefully arranged conditions. (Slides of these were shown.) The 
camera with an objective of 11 in. equivalent focus was used in this 
and another set of photographs to be described later. The camera 
was set at a height of 42 in. above the road. A steel tape was used 
to measure a definite distance from the camera, such as 50 or 100 ft. 
A rule at a distance of 50 ft. from the camera was held vertically so 
as to measure a height of 42 in. abova thc^ road. Bv thus locatins: 
a point 42 in. above the road and 50 ft. directly down its axis, we 
have a concrete picture to work to, and we can draw .an outline of 
just what parts of the roadway we wish to illuminate, or by means 
of photographs of projected light patterns, we can predict how the 
road will be illuminated by those light patterns. Referring to one of 
these road pictures; I would like to illuminate the part of the road 
straight ahead of the car, just under the 42-in. height as brightly as 
possible, so that I can have the best view possible of distant objects. 
I would also like to have a spreading light to illuminate the whole 
width of the road and the ditches. If I comply with the law I must 
not have a bright light above the 42-in. level, so that I will not cause 
a disagreeable glare to anyone approaching. 

The set of photographs to go with the road pictures was taken 
with the same camera and objective. The lens of the camera was 
placed even with the front of the head-lamp. The head-lamp pro- 
jected its light pattern on a white screen. This screen was covered 
with reference lines, a heavy horizontal black line to represent the 
42-in. height and a heavy vertical line to represent the center of the 
road in front of the car. Photographs taken under these conditions 
will be on the same scale as the road pictures and can be directly com- 
pared. The most convenient method of showing this comparison is 
to paste together the lantern slides of the road and the screen image, 
taking pains that the crossing of the heavy axis lines shall fall 
directly over the 42-in. level on the road picture. Those parts of the 
road that would be illuminated by the particular head-lamp used can 
then be seen. If all of the light is kept below the 42-in. level, the 
best driving light is obtained when the highest intensity falls just 
below the 42-in. line, when there is a good horizontal spread to illu- 
minate fences and ditches, and when none of the projected light falls 
at a shorter distance than from about 30 to 40 ft. in front of the car. 

A photograph I have taken at night from the driver's position 
shows that with a certain lighting device none of the projected light 
beam rises above the 42-in. level, and that the side spread gives a 
good road illumination. There is some light above the 42-in. level, 
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which comes directly from the bulb, and which has not been reflected 
from the parabolic reflector. This light, although not very bright, is 
sufllcient to keep the driver from being brushed out of the car by over- 
hanging tree limbs. 

This photograph also illustrates one of the points brought out in 
the discussion ; namely, the effect that would obtain if the head-lamps 
were set at a different height. A hump in the road is revealed by the 
dark shadow behind it. If this head-lamp were mounted at the height 
of the driver's eye, there would be no shadow cast. If there were, 
the driver could not see it, so that there would be danger of getting 
thrown out of the car by a hump that is rendered easily visible when 
the head-lamps are located at a height above the ground equal to about 
half that of the driver's eye. 

The question of how much light above the horizontal can be allowed 
can be studied by setting up a group of illuminated letters near a 
head-lamp. When looking directly into the lighted head-lamp these 
letters cannot be seen on account of the glare effect, but if a suitable 
anti-glare device is. used, the letters can again be seen. From rough 
experiments of this nature I would conclude that if I can provide a 
reasonable road illuminaf^ion myself, and the car I meet does not 
project a beam of light of higher intensity than 1000 cp., I can pass 
without any difficulty, but if the, other car hits me with the full head- 
lamp beam of from 20,000 to 60,000 cp., I will have a hard time to 
pass it. 

E. H. Bostock: — Glare U. the superabundance of light upon any 
given area beyond that the eye can use. Undoubtedly some day we 
shall have a unit of glare, based on the average of a number of 
observations, that will All the^egal definition, perhaps, of what glare 
is. As far as I am concerned, the only way that we can decrease the 
dangerous glare from automobile lamps is by distributing the beam 
candlepower of any head-lamp over a larger area, so that its brilliancy 
at any known point is decreased within the reach of my eyesight and 
therefore is not glaring to me. 

At present the illuminated area is simply that of the surface 
area of the parabola of the head-lamp we are facing. If we can in^ 
crease that area without sacrificing any appreciable amount of light, 
we have some effect upon glare. It seems to me there is just one point 
upon which we can work and that is by increasing the surface area of 
the front glass of the head-lamp, which is being done by some manu- 
facturers of front glasses. The problem will probably be solved when 
some one produces a cover or front glass whose inner ^surface is made 
in such fashion that it. presents absolutely the maximum reflecting 
surface over which the light is spread and lowers the candlepower 
upon any pjae point. n 

The glass would have its inner surface covered with contiguous 
covers or prisms of siich height and base that the maximum amount 
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of surface is presented to the beam and shaped so that intense re- 
flection between their surfaces is established. 

I speak of the inner surface particularly; if we use the outer sur- 
face of the glass, we do not increase the area because the departing 
beam cannot have its area increased beyond that of the plane it is 
leaving. 

DEFLECTION OF LIGHT METHOD BEST 

W. E. McKechnie: — I agree with Mr. McMurtry that glare is 
better prevented by the deflection of light than in any other manner, 
as far as we have gone. Two or three different devices have been 
brought out recently that do allow of some permissible light above the 
horizontal; that is, light that does not come in such a way that it has 
a blinding effect upon the approaching driver. 

After we have classified these different non-glare devices, it may 
be possible to recommend some different classes that can be utilized 
to good advantage on cars already being driven on the road. Then 
we can continue standardizing head-lamp apparatus and have reflec- 
tors constructed of sufficient accuracy so that we can control more 
definitely the projected beams of light. That would apply, of course,' 
to the future manufacture of the lamps and not to the bulk of lamps on 
cars being driven to-day. 

Wm. Churchill: — At present we must be sure that the head-lamp 
is accurately designed and built, ahd that there must be means 
for accurate adjustment. Reference was made in the paper to the 
granting of service certificates of approval to devices, which, how- 
ever correct in themselves, with incorrect adjustment are far from 
satisfactory. I believe that it is of much importance to manufacturers, 
and even more to the general public to provide for a definite approval. 
The situation in Massachusetts during the past year has been much 
confused because no approval was arranged for. An ordinance or 
provision was put into effect there by the Highway Commission and 
no one knows whether his device conforms to the law until it is ap- 
proved by some country justice. 

We ought to have some form of approval, but not such as to insure 
freedom from arrest unless it is clear that the device is properly 
installed. The mere fact that a device may be a good thing when 
properly utilized certainly should not guarantee one against being 
called to account if his bulbs are not properly focused or if for any 
other reason his head-lamps are not efficient. 

If we are going to settle this problem satisfactorily, we must de- 
cide what sort of distribution of illumination is ideal, what distribu- 
tion of light we want in order to be able to see most effectively, recog- 
nizing, of course, that we cannot be permitted to distribute the beaiii in 
any way that will interfere seriously with the vision of other users of 
the highway. 

I use an offhand definition of glare — I have not been able to dis^ 
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cover any scientific definition — by saying that a lamp produces glare 
when the illumination is of sufficiently high intrinsic brilliancy to 
interfere with the vision of objects in its immediate vicinity. I believe 
it is entirely possible to construct appariitos and develop a method 
that will give us an accurate scientific standard of glare. 

>^thob's closure 

Alden L. MqMuRTBY: — The lower the lamps are below the line 
of vision th^-more pronounced will be the shadows caused by depres- 
sions pr l^e obstacles in the road. If the lamps are above the line of 
vision there will be no shadows at all to speak of. I drove behind a 
car with the lamps mounted extremely high, and it was almost im- 
possible to see the uneven part of the road in time to slow up for it. 

I have not made any experiments in illumination of the background 
of the car, that is, illumination back of tbe^nitomobile lamps of the car. 
I do find, however, that with two cars facing each other, with the 
lamps arranged identically the same, the illumination of the road all 
around the lamps will enable one to see every point at the side of 
the other ^;ar. 

In regard to the increases of area of the lamps I might say that if 
any legislation is to be enacted it will affect all the lamps that are on 
the cars to-day. We must find some means of taking care of those 
lamps first before we consider how the new lamps should be made. 

I know of one instance where the engineering department was con- 
sidering two or three different lamps, that is, which lamps they were to 
approve, while the salesman of one of the lamp manufacturers was on 
his way home from Detroit with an order from the purchasing de- 
partment. So long as things like that happen we will get good lamps. 

I want to emphasize that if the public knew how properly to focus 
and aim the lamp, in other words, how to get the best results from the 
present-day type of lamp, it would reduce the effect of glare by over 
50 per cent. Then there would be no need of any laws. It is simply 
a matter of ignorance on the part of the car owners. I have heard 
on numerous occasions that most of the glare was caused by Ford 
lamps. That may be true to a certain extent on account of the high 
voltage from the flywheel generator. But considering its construction, 
the Ford lamp is far better than 50 per cent of the lamps used on the 
expensive cars to-day. 
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